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Abstract 
 
In this thesis, I aim to assess how farmland birds use insect-rich agri-environment scheme (AES) 
foraging habitats during the breeding season and how such birds might benefit from them. It is 
particularly focused on how the coverage and quality (measured by insect food levels and food 
accessibility) of AES habitats influence territory selection, foraging activities and breeding success. 
The thesis begins by explaining why farmland birds have declined, reviewing how AES may help 
reverse these trends, along with outlining why AES may fail to benefit breeding birds (Chapter 
one). I then investigated whether the addition of wildflowers to AES margins, boundary type, crop 
type, chick food availability or accessibility influenced the foraging activity of insectivores, mixed 
diet species and the passerine community in general (Chapter two). Next, I wanted to find out if 
territory selection by a declining farmland bird the yellowhammer Emberiza citronella related to 
the quantity of AES habitat available; models also accounted for chick food abundance, landscape 
diversity and nest site features (Chapter three). Subsequently I investigated how the availability of 
AES can affect chick diet and survival using the Eurasian tree sparrow Passer monatus as a focus 
species. I compared the abundance and diversity of tree sparrow chick food items between nest 
boxes with and without access to AES habitats aimed at foraging birds (Chapter four). I then 
documented whether tree sparrow productivity was limited by the availability of such invertebrate-
rich foraging habitat (Chapter five).  As the majority of AES studies use only short-term data sets, 
my final data chapter aimed to address this by linking trends in yellowhammer and common 
chaffinch Fringilla coelebs nest success to the total chick food abundance of available arable and 
AES habitats over an 10 year period (Chapter six). The thesis concludes by considering future 
research directions of AES and farmland bird studies in the United Kingdom (Chapter seven). 
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Chapter 1 
General Introduction 
 
1.1. Farmland bird population declines and agricultural 
intensification  
Understanding changes in species abundance and providing solutions to combat population 
declines are among the primary challenges in ecological conservation. In the United Kingdom 
(UK) changes in land use due to agricultural intensification are a key anthropogenic cause of 
biodiversity declines (Donald et al., 2006; Stoate et al., 2009). The growth and intensification 
of the farming industry has been linked to declines in biodiversity including invertebrates and 
arable plants; they have been accompanied by parallel ‘rapid, massive and widespread’ declines 
in farmland bird populations (Newton, 2004). 
 
Arable farming first originated less than 12, 000 years ago during the Neolithic agricultural 
revolution and can be traced back to distinct centres of agricultural origin in China (8,500 BC), 
New Guinea (10,000 BC), Asia Minor (10,000/9,000 BC), North America (4,000/3,000 BC), 
Central America (9,000 BC) and South America (6,000 BC); from these centres agriculture 
spread to most regions of the world (Mazoyer & Roudart, 2006). Neolithic settlers had brought 
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farming knowledge to Britain from Asia Minor by around 3,000 BC, clearing areas of 
woodland and scrub in order to grow cereal (Wilson et al., 2009). Such a long and protracted 
history of low-intensity farming allowed species – most likely originating from open Steppic 
habitats – to develop into a diverse farmland flora and fauna dependent on this so-called 
artificial environment. Over the past half-century, however, technological advances and 
changes in public policy have dramatically altered farming practices and thus the nature of 
habitat available to farmland species (Wilson et al., 2009).  
 
The food shortages experienced in Britain during the Second World War led to a post war 
government that encouraged and supported intensification to ensure that the country was self-
sufficient; this resulted in major changes in the food production industry based on the principal 
of maximising food production (Wilson et al., 2009). In 1973, the UK became a member of the 
European Economic Community and the Common Agricultural Policy (CAP) was formed, the 
policy of price support increased the speed of agricultural changes thus making it difficult for 
species to adapt to environmental changes quickly enough (Stoate et al., 2001, 2009).  
 
The key agricultural changes that took place over this period relating to bird population changes 
include increased use of agro-chemicals, the introduction of new crop types (e.g. oilseed rape), 
changes in the timing of sowing of arable crops (from spring to autumn), extensive land 
drainage and the trend from rotational mixed farming to more specialised farm enterprises 
(Stoate et al., 2009). These modified farming methods were adopted more or less 
simultaneously thus it is difficult to separate their relative influence on farmland bird 
populations (Stoate et al., 2009).  These changes were also concurrent with the development 
and widespread use of farm machines which were much more efficient compared to traditional 
methods; work could now be done quicker (e.g. faster mowing of meadows, multiple 
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cultivations) and better (e.g. less spilt grain), and machines were even better in bigger fields 
which resulted in hedgerow removal  (Stoate et al., 2009; Wilson et al., 2009). In addition to 
this, land that had previously been reserved for growing food for work horses could now be put 
into production (Wilson et al., 2009). Changes in grassland management also occurred at this 
time. The use of synthetic inorganic fertilisers freed farmers from the constraints of using a 
legume crop to improve fertility, this increased yields and encouraged higher stocking rates in 
combination with earlier and more frequent mowing (which disturbs ground-nesting birds) for 
the production of silage (Wilson et al., 2009). Preserving forage through silage production (a 
fermentation process) increased in popularity over this period and this also meant that hay-
making (a drying process) had become relatively rare (Wilson et al., 2009). Altogether these 
alterations reduced the amount of suitable nesting and foraging habitat available to farmland 
birds (Wilson et al., 1997; Vickery et al., 2001). Changes in these resource levels lead to 
changes in rates of birth, death and movement and finally causing changes in local population 
densities (Newton, 2013).  
 
Species belonging to a variety of taxa including Columbiformes, Charadriiformes, Galliformes 
and Falconiformes have been affected by land-use changes, but the biggest single group of 
farmland birds to experience declines are the Passeriformes (passerines; Newton, 2004). 
Generally, the mechanisms through which agricultural changes are likely to have affected these 
groups have been divided into those relating to changes in adult survival (Siriwardena et al., 
1998) and productivity (Siriwardena et al., 2000a, 2000b) through increased competition for 
food, nest-sites or territories. In the UK the main repository for historical productivity data is 
the nest record scheme which is co-ordinated by the British Trust for Ornithology (BTO). These 
data however, do not correlate productivity changes or breeding distribution patterns with fine-
scale measures of habitat types, food abundance or quality. On farmland, the availability and 
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distribution of foraging habitats that are abundant in food resources may influence productivity 
and could also be important in the recovery of declining populations (Bradbury & Allen, 2003).  
 
1.2 Agri-environment schemes 
Agri-environment schemes (AES) comprise a suite of prescriptive management strategies that 
are employed across Europe to, in part, alleviate biodiversity problems (Kleijn & Sutherland, 
2003; Stoate et al., 2009) by shifting “the overall farming methods towards a less intensive 
low-input system” (Ovenden et al., 2008). Since AES was first implemented in the UK in 1987 
(as the Environmentally Sensitive Areas scheme) it has developed specific farmland bird 
conservation strategies that aim to increase productivity, survival and population growth 
(Wilson et al., 2009).  
 
In the UK farmland birds including grey partridge Perdix perdix (Ewald et al., 2010), cirl 
bunting Emberiza cirlus (Peach et al., 2001) and stone curlew Burhinus oedicnemus 
(MacDonald et al., 2012) are examples of declining species that have been intensively studied 
in order to determine the mechanisms behind their decline. These studies led to focused 
conservation efforts (involving AES habitats) which were subsequently effective at some level 
in terms of population or farm scale recovery. Unfortunately ‘narrow and deep’ outcome 
focused and intensively managed AES are often not a practical conservation strategy for 
threatened but widespread species due to their high-unit cost (Evans & Green, 2007). Therefore 
the introduction of ‘broad and shallow’ (broad focus, less intensive management) habitat 
management was an attempt to deliver benefits to a wider array of farmland specialists over a 
larger area (Natural England, 2013). 
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Environmental Stewardship (ES) was the third major AES in England. It was open to entrants 
from 2005-2014, but agreements that started during or before the end of 2014 and ran into the 
new CAP Rural Development Programme period continue to be funded. It incorporated both 
of these mechanisms through the development of a comprehensive two-tiered scheme 
consisting of Entry Level Stewardships (ELS), targeted to provide “broad and shallow” 
conservation benefits and Higher Level Stewardships (HLS) aimed at “narrow and deep” 
solutions (Vickery et al., 2004; DEFRA, 2005; Evans & Green, 2007). ES aims to meet a 
variety of environmental objectives through the provision of menus of AES habitat options, 
and more recently the introduction of packages that specifically address a range of issues 
including management of arable habitat for farmland birds through the farmland bird package 
(FBP; Natural England, 2014). The FBP divided the requirements of farmland birds into three 
major categories; winter food supplies, summer food supplies and nesting habitat. These are 
targeted at increasing survival (winter food supplies) and improving productivity (summer food 
supplies and provision of nesting habitat).  
 
For non-package ELS farmers there was automatic entry into ELS, as long as they choose 
enough ELS habitat options to reach their points threshold (which was calculated based on the 
area of eligible farmland entered into the agreement). Therefore, differences in the amount of 
option delivery and the quality of ELS versus HLS agreements for farmland birds, were likely 
to occur due mainly to the fact that HLS agreements are set-up by advisers, so they are designed 
to deliver nesting habitat along with breeding and over wintering food resources (Natural 
England, 2013a, 2013b). Flexibility in the choice and placement of habitats necessary to meet 
ELS agreement point’s target (the most commonly adopted scheme) has resulted in large 
differences in the uptake of ES options, largely dependent on the amount of additional work or 
changes to existing farming practices. Modified farming practices generally involve reducing 
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agro-chemical inputs (pesticides, herbicide or fertilizer) to crops. This is expected to increase 
the diversity and abundance of both weed and invertebrate species, thus potentially benefiting 
both granivores and insectivores (Rands, 1985; Sotherton, 1991). ES habitats can also be 
introduced through habitat establishment on land taken out of production. Options involving 
habitat establishment intend to sustain invertebrate communities that are both large and diverse 
(Barker & Reynolds, 1999; Chamberlain et al., 2009; Smith & Everette, 2010).  
 
Foraging opportunities for breeding birds may also be available through options included in 
the FBP intended to provide infield nesting opportunities or winter seed supplies. For example, 
Chamberlain et al., (2009) investigated northern lapwing Vanellus vanellus breeding on fallow 
plots, during this project it was also noted that plot use was high for a number of other farmland 
species, including Eurasian skylarks Alauda arvensis, common woodpigeons Columba 
palumbus and yellowhammers Emberiza citrinella. In addition, Holland et al., (2014) have also 
suggested that wild bird mixes (E/HF2 and HF12) which are designed to provide nesting cover 
and seed resources for game birds such as the grey partridge, may also be an important source 
of summer food resources for birds (Holland et al., 2014). 
 
AES options that are not included in the FBP may act as foraging habitats for farmland birds, 
although their benefits may not be as substantial as ES options targeted towards farmland birds. 
Grass habitats with the potential to benefit breeding birds include grass buffer strips (e.g. 
H/EE1, H/EE2 and H/EE3), low-input grassland options (e.g. EK2 and EK3), field corners 
(O/E/HF2), beetle banks (EF7) and grassland recreation (e.g. HK10 and 8). Although these 
habitats were not designed with the needs of foraging breeding birds in mind, they provide 
increased species richness and structural diversity when compared with arable crops 
(Hawthorne & Hassall, 1994; Perkins  et al.,  2002; Douglas et al., 2009).  
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1.3. Why might AES fail to benefit farmland birds? 
In theory, the majority of over-wintering and breeding needs of farmland birds are addressed 
by AES and it is possible that AES assessments have been carried out too early to detect 
population level responses (Davey et al., 2010a). It has however, been suggested that their 
success has been limited by the quantity and quality of AES habitat available (Vickery et al. 
2004, 2009; Noble & Eaton, 2010; Henderson et al., 2012), along with uneven spatial and 
temporal distribution of these resources (Siriwardena, 2010; Kuiper  et al.,  2013).  
 
The quantity of different AES habitat options available to foraging birds across the UK is 
restricted by the choices land owners make, incorporation of different habitat options on 
farmland is often influenced by their associated payments along with the effort involved in 
their implementation and management (Davey et al., 2010a). For example, planting grass 
buffer strips is eight times more popular then pollen and nectar margins as they are easily 
implemented (Davey et al., 2010a; Field et al., 2010). Overall, current levels of AES coverage 
in the UK are insufficient to elicit a national population-level response in widespread species, 
even though they have been shown to have agreement and landscape-level effects (Peach et 
al., 2001; Ewald et al., 2010). For example, Bright et al., (2015) has suggested that at a farm-
scale standard AES management can increase or maintain the densities of widespread declining 
species including lapwing and yellowhammer and Baker at al., (2012) found positive effects 
of winter food provision on the population growth rate of granivores.   
 
Monitoring habitat quality is important to ensure that once options are in place birds are 
receiving the intended benefits e.g. providing birds with their preferred food, with improved 
access or minimised predation. Difficulties in maintaining habitats can result in poor habitat 
quality (Smith & Everette, 2010), which may have individual and population level impacts 
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(Davey et al. 2010a). The suitability of AES foraging resources will change over time (e.g. 
progressively thick vegetation) which may reduce the availability of food and for multi-
brooded species, may decrease the number of broods produced over this period (Douglas et al., 
2009). In addition, careful spatial distribution of foraging and nesting resources are required to 
ensure that deficiencies in either of these areas do not constrain breeding success or positive 
population responses (Vickery et al., 2004; Kuiper et al, 2013).  
 
Targeting management towards farmland birds in general as opposed to specific species means 
that the highest level of conservation value may not be achieved (Phillips et al., 2010). Research 
has been heavily biased towards a few species, in particular the grey partridge (e.g. Ewald et 
al., 2010). Therefore management prescriptions are likely to be more beneficial to these 
species.  But additional information on option effectiveness for other widespread species could 
allow AES option design to be improved for future schemes. Until further research examining 
the breeding season needs of other species has been conducted, habitat design should include 
a minimum proportion of uncropped habitat (7%) that has both sufficient heterogeneity and 
spatial configuration (Henderson et al., 2012) to cater for the requirements of a wide range of 
species.  
 
1.4. Thesis aim 
The central aim of this thesis is to assess the potential of AES foraging habitats by breeding 
passerines and gauge the relative benefit of these habitats. It is particularly focused on how 
their spatial coverage and quality (measured by habitat outputs including insect food levels and 
food accessibility) affect passerine foraging habitat use (Chapter 2), territory selection (Chapter 
3), diet (Chapter 4) and breeding success (Chapter 5 and 6). It is hoped the thesis will add to 
an existing body of literature that seeks to determine whether AES options are fulfilling their 
                                                                                                                Chapter 1. Introduction 
 
9 
 
conservation potential. The thesis aim will be achieved through 1) studies focused on foraging 
habitat use in both representative (e.g. yellowhammer) and understudied (e.g. Eurasian tree 
sparrow Passer montanus) farmland passerine species 2) by investigating territorial species in 
order to determine whether the quantity of AES habitats are important in determining territory 
location 3) by intensive studies relating foraging habitat use to the quality of that habitat in 
terms of insect abundance and vegetation characteristics and 4) the use of long-term data sets 
to determine the influence of AES habitats on breeding success and territory distribution over 
time for a range for farmland passerines. Summer conditions are however just one side of the 
coin and may not in fact be the most limiting component on farmland bird survival with respect 
to the aim of the thesis. Siriwardena et al., (2008) for example has suggested poor overwinter 
survival as a likely mechanism behind farmland bird declines, therefore, the null hypotheses 
might indeed be expected.  
 
1.5. Thesis objectives and predictions 
The thesis hopes to achieve its aim of assessing the value of AES foraging resources during the 
breeding season though the objectives and predictions outlined below which are addressed in 
Chapters 2 – 6:  
 
Chapter 2: Use of grass‐only and wildflower margins as foraging habitat by 
farmland passerines. 
 
 To identify whether differences exist between the vegetation characteristics of 
grass-only and wildflower margins. Wildflower margins were expected to be 
less dense, more structurally diverse and taller when compared to grass-only 
margins. I also expected grass margins to be dominated by grass and wildflower 
margins to be dominated by forbs. 
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 To investigate whether, at a plot scale margin type or their vegetation characters 
relate to the invertebrate food provisions they supply. Invertebrate abundance 
was expected to be higher on wildflower margins and to increase with forb 
coverage, vegetation height and vegetation density. 
 To determine if, at a plot scale, field margin use by foraging farmland birds 
differs according to margin type. Foraging bird activity was predicted to be 
higher on wildflower margins than on grass-only margins as they are thought to 
be home to a species poor invertebrate community when compared with 
wildflower margins (e.g. Holland et al., 2014). 
  To explore whether invertebrate abundance and vegetation characteristics of 
margins correlates with bird use. I expected bird abundance to increase in 
invertebrate rich margins (Natural England, 2014) and in tall, diverse vegetation 
with high forb cover (Vickery et al, 2004). However I predicted vegetation 
density would negatively impact foraging birds. 
 
Chapter 3: How must AES evolve to meet the needs of widespread farmland 
birds? A case study of the yellowhammer. 
 
 To determine if yellowhammer territory occupation is influenced by the 
proportion of AES foraging habitats present within their foraging range. 
 To detect which agricultural habitats are best for yellowhammer chick food 
provisioning. I expected grass AES would be best at providing yellowhammer 
chick food due to increased structural complexity and forb cover compared to 
crop habitats (Vickery et al, 2004). 
 
Chapter 4: Is tree sparrow nestling diet influenced by the presence of AES 
habitats? 
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 To examine the relationship between tree sparrow nestling diet and two AES 
habitat types, grass AES and wild bird seed (WBS). The presence of key 
invertebrate food groups were expected to positively correlate with grass AES 
coverage The presence of seed in faecal sacs were expected to positively 
correlate with WBS cover. 
 To assess habitat quality based on the proportion of relevant invertebrate food 
resources available in different AES and crop habitats. Tree sparrow chick food 
abundance was expected to be highest in grass AES habitats. 
 To assess the invertebrate sampling methods used and determine the method 
that best represents tree sparrow chick diet. Invertebrate abundance was 
expected to differ depending on the sampling technique used, as the Vortis and 
sweep nets are designed to sample different niches within the vegetation 
(Randel et al., 2006). 
 
Chapter 5: Tree sparrow colony size and breeding performance in relation 
to the availability and quality of AES habitat. 
 
 To investigate if there is evidence that annual productivity or colony size may 
vary with the availability of different agricultural habitats, including AES. Tree 
sparrow chicks are dependent on invertebrate food resources (Field et al., 2008) 
therefore I predict that colony size and productivity will increase with habitats 
that are rich in chick food invertebrates such as grass AES (Holland et al. 2014). 
 
Chapter 6: Linking AES habitats to chick food indices and measures of 
fledging success over time. 
 
 To examine annual variation in yellowhammer and common chaffinch Fringilla 
coelebs chick food items at both a farm and habitat level. Across the UK 
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farmland invertebrate populations are declining (New, 2005), I therefore predict 
that farm scale measurements of invertebrates would show similar patterns 
declines. I did however expect that habitat level measurements would show 
more variation. For example habitats aimed at increasing invertebrate food 
resources e.g. beetle banks would house more stable and abundant invertebrate 
populations when compared to conventional farmland habitats such as cereal 
crop. 
 To identify the habitats that provided the highest level of chick food provisions 
over the survey period. When compared to crop habitats I expect the AES 
habitats, conservation headlands and beetle banks to contain more food items 
than crop habitats due to increased weed cover and/or floral cover (Vickery et 
al., 2002)  
 To detect the factors most important in improving rates of fledging success and 
daily survival probability for nestlings. Productivity will be modelled against 
the abundance of invertebrate food resources in different agricultural habitat 
types, measures of predator control and factors relating to nest site placement 
such as nest height. I predict that productivity will be positively influenced by 
the abundance of chick food resources surrounding the nest and that birds 
selecting lower nesting sites will be positively affected by predation control 
measures. 
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Chapter 2 
Use of Grass-only and Wildflower 
Margins as Foraging Habitat by 
Farmland Passerines 
 
2.1. Introduction 
In arable landscapes, field margins are thought to play a vital role in increasing landscape 
heterogeneity and connectivity/permeability (Hacket & Lawrence, 2014). Homogenisation has 
contributed to invertebrate population declines on UK farmland (New, 2005), a factor which 
has directly affected larger insectivorous animals and is linked to farmland bird population 
declines (Morris & Webb, 1987; Butler et al., 2007). Nestling condition of two farmland 
passerine species, the corn bunting Emberiza calandra and the yellowhammer Emberiza 
citronella is associated with the availability of invertebrate food directly surrounding nests 
(Brickle et al., 2000; Hart et al., 2006). Poor nestling weights have in turn been linked with 
decreased juvenile survival (Magrath, 1991) in addition to greater predation losses (as the 
chicks spend more time begging for food; Redono & Castro, 1992; Dearborn, 1999).  
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Food abundance may be improved by appropriate management of field edges such as the 
establishment of arable field margins. Arable field margins can be defined as “herbaceous strips 
or blocks around arable fields that are managed specifically to provide benefits for wildlife” 
(DEFRA, 2008). They are undertaken as ES options across Europe with many Countries 
offering arable field margins as an option including Ireland (Teagasc, 2014), the UK (Natural 
England, 2013a; 2013b), Switzerland (Jeanneret et al., 2003) and France (Cordeau et al., 2012).  
 
Arable margin options offered to farmers in England during the period of Environmental 
Stewardship (ES; 2005-2014) included cultivated, low-input margins designed for rare arable 
plants (e.g. unharvested cereal headlands for rare arable plants – EF11), non-cropped strips 
aimed at supplying seed to overwintering farmland birds (e.g. wild bird seed mixtures – EF2), 
margins sown with wild flower and agricultural legumes to increase food resources for nectar 
feeding insects (e.g. nectar flower mixture – EF4), grass buffers aimed at resource protection 
(e.g. protecting watercourses and hedgerows from agrochemicals – EE1-6)  and floristically 
enhanced margins that are aimed at providing habitat and foraging areas for insects and birds 
(e.g. HE10; Natural England, 2013a; 2013b). For this study I will compare two categories of 
farmland margins: grass-only margins (EE3/HE3) and margins that are enhanced with 
wildflowers (HE10 and EF4). All margins under investigation had a width of 6m. Grass-only 
buffers are a commonly chosen margin options on arable land in the United Kingdom (UK) 
and wildflower margins have been highlighted by Natural England (2014) under the Farmland 
Bird Package as providing essential spring-summer invertebrate food for breeding farmland 
birds.  
 
Grass-only margins, when compared with intensively managed crop edges, offer more suitable 
habitat for bird food resources including carabid beetles and tipulid larvae (Vickery et al., 
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2009). These groups are common in the diet of a diverse range of farmland passerines including 
buntings (Evans et al. 1997; Bradbury & Stoate 2000; Brickle et al. 2000; Morris et al. 2001) 
and game birds, for example grey partridge Perdix perdix and common pheasant Phasianus 
colchicus (Potts, 2012). The invertebrate community of grass only strips is however, relatively 
impoverished when compared with wildflower margins that are more floristically and 
structurally diverse (e.g. Holland et al., 2014). Fewer phytophagous species that form a large 
part of farmland bird diet are found in grass-only strips because they contain few of their host 
plants: the perennial herbs and biennial plants (Holland et al., 2014). 
 
Mixed grass and wildflower swards have the potential to provide bird food for an extended 
period when compared with grass only swards; this is due to the more diverse mixture of plant 
species present that extends plant flowering times across the season (Vickery et al., 2002, 
2009). In the breeding season, cirl buntings Emberiza cirlus forage in higher densities on fields 
with more broadleaf weeds, therefore, I would expect grass and wildflower margin mixes to be 
of greater benefit to this species than grass-only margins (Evans & Smith, 1994; Vickery & 
Fuller, 1998). 
 
To date, there has been a paucity of studies focused on the exploitation of different field margin 
types by farmland birds (Kuiper et al., 2013), despite the vital role this information has for the 
development of field margin management (Perkins et al., 2002; Douglas et al., 2009). 
Therefore, in this chapter, I decided to focus on the utilisation of grass-only and wildflower 
margins by foraging farmland birds on three farms in Southern England. The objectives of this 
chapter were fourfold. First, I investigated potential differences in habitat structure and 
composition between grass-only and wildflower margins. Wildflower margins were expected 
be less dense, more structurally diverse, taller and have a greater forb coverage when compared 
                                                                 Chapter 2. Use of grass-only and wildflower margins  
16 
 
to grass-only margins. I also expected grass margins to be dominated by grass when compared 
to wildflower margins. Second, I explored how margin type and vegetation characters of 
margins relate to invertebrate food items common in the diet of some farmland birds. Third, I 
hoped to determine whether use of field margins by foraging farmland birds differed according 
to margin type (i.e. grass-only strips versus wildflower strips). Higher bird foraging activity 
was expected on wildflower margins than on grass-only margins. Grass-only margins are 
generally thought to contain a lower abundance and diversity of invertebrate species when 
compared with wildflower margins (e.g. Holland et al., 2014). Finally, I investigated whether 
margin characteristics relating to invertebrate abundance and vegetation characteristics was 
related to total bird or selected bird species groups use of field margins. I expected bird 
abundance to increase in invertebrate rich margins (Natural England, 2014) and in tall, diverse 
vegetation with high forb cover (Vickery et al, 2004).  
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2.2. Methods 
2.2.1. Margin selection 
Grass-only margins and wildflower margins that were 6m in width were selected for bird 
foraging observations on three neighbouring arable farms (farm 1, farm 2 and farm 3; Appendix 
1). Twenty-five replicates of each margin type were selected as survey points, this number 
represents the maximum number of paired surveying points (paired by crop type and boundary 
type to ensure a balance experimental design) available on the study sites. As margin 
availability was limited their selection was unbalanced across farms. A total of 50 survey points 
was surveyed; eight, twelve and thirty margins respectively on each farm. Survey points on the 
same margin were located a minimum of 200m away from each other; this ensured that 
passerine counts on the same habitat were independent as they were unlikely to be double 
counted (Bibby et al., 2000; Sutherland et al., 2004). We did not however conduct any tests to 
verify this. Where neighbouring margins were different types, survey point selection was not 
based on this minimum distance. Boundary and crop types adjacent to margins were noted for 
inclusion in later analysis.   
 
2.2.2. Vegetation survey 
Vegetation characteristics that were highlighted in the literature review as being potentially 
influential in determining bird-habitat associations were measured. These were vegetation 
height (Atkinson et al., 2005; Clarke et al., 2007; Dunn et al., 2010a), density (Wilson et al., 
1996; Stoate & Szczur, 1997; Perkins et al., 2002; Douglas et al., 2009), heterogeneity (Pearce-
Higgins & Grant., 2006; van Klink at al.,  2014) along with percentage forb, bare ground 
(indicative of predator avoidance strategies; Whittingham & Evans 2004) and grass cover  
(Whittingham & Markland, 2002; Clarke et al., 2007; Moorcroft et al., 2010).  
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Vegetation measurements were taken once between the 25th June and 15th July 2012 at three 
points along the margin (20, 40 and 60m) and also at three perpendicular points across the 
margin width (2, 4 and 6m), giving a total of nine measurement points for each margin. 
Vegetation height and density were measured at each of these points within a 0.5m2 quadrat. 
At every sampling location, height and density was recorded at the centre and four corners of 
quadrats. Vegetation height was noted as the highest point present within 5cm of the metre 
rule. Vegetation density was estimated using a drop disk (diameter 30cm and 202.37g) mounted 
on a metre rule, the point where the drop disk stopped was deemed to be the density 
measurement. Height and density values were averaged across quadrats resulting in one mean 
value for margins for each of the nine survey point. It is possible however, that density 
measurements derived from the drop disk did not account for all elements relating to foraging 
habitat choice. Drop disks provide measurements of vegetation density from above; therefore 
this may reflect the implications of vegetation density for birds flying into margins, but may 
not reflect margin suitability for birds foraging along the ground.  
 
Values for margin heterogeneity were also calculated. This was done using the mean difference 
between vegetation density and height between adjacent sampling points. A total of 12 values 
were calculated from differences along the strip and across the strip (following Pearce-Higgins 
& Grant, 2006). Estimates of the percentage bare ground, grass and forb cover were taken 
according to Rodwell (2006). Measurements were taken at the nine margin survey points within 
a 50cm2 quadrat. 
  
2.2.3. Invertebrate sampling  
Invertebrates were sampled with a Vortis suction sampler (Burkard Manufacturing Co. Ltd.) 
once between the 25th June and 15th July 2012. Individual samples comprised 25 five-second 
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sucks and taken within a 50cm quadrat (four corners and centre). The engine was kept running 
between sucks. This was repeated at 20m, 40m and 60m along the margin. Margin samples 
were only taken from the central 4m line as invertebrate sampling was restricted by wet weather 
conditions.  
 
Prior to identification samples were bagged and frozen. All invertebrates over 2mm in length 
were identified (to order level); smaller specimens are avoided by species including 
yellowhammer and are therefore not representative of farmland bird diet (Westbury et al., 
2011). Total invertebrate abundance was calculated for each sampling strip as the sum of 
invertebrates. The abundance of important bird food groups Diptera, Homoptera (e.g. Aphidae, 
Cicadellidae), Araneae, Coleoptera (e.g. Carabidae, Elateradie, Chyrsomelidae, Curculionidae, 
Staphalidae and Nitulidae) and Heteroptera (e.g. Miridae) in samples were also calculated.  
 
2.2.4. Passerine surveys 
Point counts were carried out on margins between mid-June and mid-July 2012. Point counts 
could only be conducted when weather permitted i.e. light or no rain, calm or no wind. The 
results of this chapter should be treated with caution as this study ran for only one summer, in 
which poor weather limited the number of point counts made. In June 2012 rainfall levels were 
recorded as their highest since 1910 (Met Office, 2012); for this reason only two point counts 
took place at each survey point within margins (i.e. two visits to each point). Neighboring 
population size will affect apparent margin use, therefore, increasing the number of foraging 
observations made over this period and running the study over additional years and sites may 
reduce this affect and test the temporal generality of the conclusions.  
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Prior to surveys, distance bands of 0m, 20m, 40m, 60m and 80m were marked with poles 
perpendicular to the margin. Passerines recorded over 80m from the observer were excluded, 
making survey areas comparable. Each point count began between 06:00 and 11:30 hours and 
consisted of continual 30-minute binocular scans per section of margin. A ten-minute settling 
period was allowed before each point count. 
 
During surveys passerine activity (i.e. passerines seen entering, leaving or within strips) and 
distance bands were recorded in addition to whether birds were seen foraging in the crop, 
margin or occupying adjacent boundary habitat. This information was used to calculate relative 
margin use by passerines and aimed to reduced problems associated with double counting birds 
during surveys (Sutherland et al., 2004). Continuous aerial feeders were only included if they 
were exhibiting foraging behaviour i.e. hawking swallows. These passerines were included at 
the point along the habitat (i.e. margin, crop or boundary) in which they were first seen. Birds 
were flushed after observation periods by walking alongside the strip and tapping the central 
vegetation. Flushed passerines were included in the point count totals but noted as ‘flushed’.  
 
Data were too sparse to investigate species-specific relationships. The conclusions drawn from 
this study may therefore not reflect the needs of the species ES targets, due to difficulties in 
obtaining data on scarce species (Green et al., 1994).  Future studies should also consider 
measuring background levels of bird population, as this affects the probability of birds being 
on observed patches. 
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2.2.5. Analysis 
Statistical analyses were undertaken in R 3.02 (R Development Core Team, 2014). The 
distributions of individual response variables were first investigated through histograms and 
dotplots to determine if they were normally distributed, covariates displaying skewed 
distributions were subject to the appropriate transformation (Table 2.1).  
 
I preformed a one-way ANOVA to examine whether vegetation characteristics differed 
significantly 1. Between farms and 2. Between margins planted with grass or wildflowers. Too 
few farms were included in the study to analyse the passerine or invertebrate data with 
generalised linear mixed models in which the linear predictor contains a fixed effect in addition 
to the random effect farm (Bolker et al., 2009). Therefore Generalised Linear Models (GLMs) 
were formulated to test for responses of passerine count data (total passerine count and the 
dietary sub-groups insectivores and mix-diet) and invertebrate data (total invertebrate 
abundance and individual taxa – Diptera, Homoptera, Araneae,, Coleoptera,  and Heteroptera) 
on explanatory variables describing margin, crop and boundary habitats. Response variables 
were individually modelled, the variable ‘farm’ was initially included as an additive effect in 
models and functioned as a proxy for unmeasured landscape or management effects. If farm 
had a p-value >0.05 it was subsequently removed from the model. I then tested if the removal 
of this variable caused a significant change in model deviation using ANOVA, as this meant 
that farm should be included in the final model. It is also important to consider that because 
this study involved multiple statistical tests, it is possible that some of the observed effects are 
type I errors. 
 
Overdispersion was evident in the analysis of both passerine and invertebrate data. This may 
be an effect of count data being clumped and not evenly distributed, alternatively, it may 
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indicate that variables associated with the outcome are unmeasured. For example it may have 
been necessary to include information on when adjacent crops were planted i.e. spring or winter 
cropping. Quasipoisson errors were used to account for overdispersion exhibited by the count 
data. 
 
When building regression models it is preferential to have a minimum of 15 times as many 
observations as covariates, this number is recommended to avoid model over parameterization 
(Zuur et al., 2013). Due to the limited number of replicates in this study it was decided to model 
each covariate separately and exclude covariate interactions from analysis. Details on 
covariates included in models, their interpretation and appropriate data transformations are 
shown in Table 2.1.  
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Table 2. 1. List of covariates, their abbreviation, data type and transformation used if 
appropiate. Calculations were made for each margin or crop sampling strip. 
Covariate Abbreviation Unit Continuous/Categorical Transformation 
Margin  bird total MBT Total count Continuous - 
Insectivorous bird 
total 
IBT Total count Continuous - 
Mixed diet bird 
total 
MDBT Total count Continuous - 
Vegetation Height VH Mean Continuous Square root 
Vegetation Height 
Diversity 
VHD Mean Continuous Log + 1 
Vegetation Density VD Mean Continuous Square root 
Vegetation Density 
Diversity 
VDD Mean Continuous Square root 
Percentage forb 
cover 
FC Mean Continuous Arc sine 
Percentage grass 
cover 
GC Mean Continuous Arc sine 
Percentage bare 
ground 
BG Mean Continuous Arc sine 
Invertebrate 
abundance 
IA Total count Continuous Square root 
Diptera abundance DIP Total count Continuous Square root 
Homoptera 
abundance 
HOM Total count Continuous Square root 
Araneae abundance ARA Total count Continuous Square root 
Coleoptera 
abundance 
COL Total count Continuous - 
Heteroptera 
abundance 
HET Total count Continuous Square root 
Margin Type MT -      Categorical (1 = Grass only,  
                         2= Wildflower) 
- 
Crop type CT -     Categorical (1 = Broadleaf,  
                    2 = Cereal) 
- 
Boundary type BT - Categorical (1 = Hedge, 
                  2 = None,  
                   3= Treeline) 
- 
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2.3. Results 
2.3.1. Vegetation differences between margin types 
The vegetation covariates investigated were not found to vary significantly between margin 
types (Table 2.2). But I found that the variable ‘farm’ had a greater influence on margin 
vegetation structure and composition than the treatment category. The variables vegetation 
height (df2,47, F=9.415, p<0.001), diversity in vegetation height (df2,47, F=6.501, p<0.01) 
vegetation density (df2,47, F=10.24, p<0.001), vegetation density diversity (df2,47, F=6.350, 
p<0.01), grass cover (df2,47, F=16.14, p<0.001), and cover of bare ground (df2, 47, F=52.95, 
P=0.508) were all found to vary significantly between farms.  Forb cover showed no between 
farm differences (df2,47, F=0.686, P=0.508).  
 
Table 2. 2. The mean (± SE) value of vegetation covariates relating to wildflower and 
grass margins and the results of ANOVAs examining variation between margin types. 
 Grass  
(mean ± SE) 
Wildflower  
(mean ± SE) 
Df F P  R2 
Vegetation height 7.784 ± 0.241 7.599 ± 0.205 1,46 0.478 0.493 0.967 
Height diversity 2.801 ± 0.063 2.655 ± 0.078 1,46 2.598 0.114 0.319 
Vegetation density 5.376 ± 0.171 5.162 ± 0.181 1,46 1.019 0.318 0.747 
Density diversity 3.276 ± 0.111 3.219 ± 0.124 1,46 0.143 0.707 0.534 
Grass cover 0.885 ± 0.070 0.886 ± 0.066 1,46 0 0.988 0.267 
Forb cover 0.271 ± 0.038 0.321 ± 0.038 1,46 0.941 0.337 0.181 
Bare ground 0.151 ± 0.028 0.130 ± 0.026 1,46 0.95 0.335 0.076 
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2.3.2. Margin features and invertebrate abundance 
Across all margins 2,778 invertebrates were collected. On wildflower margins 1,520 and an 
average of 60.8 (± 4.447) invertebrates were counted, this compared with 1,257 invertebrates 
with an average of 50.28 (± 4.324) sampled on control grass margins.  
 
Significantly more invertebrates were recorded on wildflower margins when compared with 
control grass margins (Table 2.3; Figure 2.1). However significant differences in invertebrate 
abundance were also recorded between farms, therefore this term was retained within the 
model. 
 
Table 2. 3. Results of quasipoisson distributed GLM for the effect margin type on the 
total number of invertebrates present in margins. The estimated slope (± SE), z and p 
values are given.  
Dependent variable DF Estimate ± SE t-value p 
Intercept 47   4.010 ± 0.122 32.765    <0.001 
Wildflower margin    0.232 ± 0.097   2.386 <0.05 
Farm 2*  -0.261 ± 0.127  -2.053 <0.05 
Farm 3*   0.008 ± 0.147   0.057 0.945 
*See appendix 1 for details on farm ID. 
 
Tukey’s range test was carried for multiple comparisons of farm means (Table 2.4), no 
significant mean differences were found. 
  
Table 2. 4. Tukeys range test of between farm differences in invertebrate abundance. 
Comparison Estimate±SE Z value p 
Farm 2 – Farm 1 -0.261 ± 0.127 -2.053 0.099 
Farm 3 – Farm 1  0.008 ± 0.147  0.057 0.998 
Farm 3 -  Farm 2  0.270 ± 0.117  2.303 0.055 
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Figure 2. 1. The average (mean ± SE) invertebrate abundance of margins. The mean 
and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant difference:  * <0.05. 
 
Crop type adjacent to the margin had no significant influence on margin insect abundance 
(df48, t=-0.485, p=0.63), after the removal of the non-significant term ‘farm’. Additionally, 
the boundary type along margins did not significantly affect the insect abundance within 
margins (Table 2.5). Tukey’s range test was carried for multiple comparison boundry type 
means (Table 2.6), no significant mean differences were found. 
 
Table 2. 5. Results of quasipoisson distributed GLM for the effect boundary type on the 
total number of invertebrates present in margins. The estimated slope (± SE), t and p 
values are given. 
Dependent variable DF Estimate ± SE t-value p 
Intercept 46 3.926  ± 0.082 48.019    <0.001 
None  0.142  ± 0.211 0.676 0.502 
Treeline  0.188 ± 0.118 1.599 0.117 
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Table 2. 6. Tukeys range test for between boundary type differences in the total number 
of invertebrates present in margins. 
Comparison Estimate±SE Z value p 
None – Hedge 0.142 ± 0.211  0.675 0.077 
Treeline – Hedge  0.167 ± 0.120  1.386 0.338 
Treeline –  None  0.024 ± 0.214  0.144 0.993 
 
The differences in total invertebrate abundance between margin types did not translate to 
differences in the major invertebrate groups recorded (Table 2.7). There were, however, 
significant differences for both Hemiptera and Hymenoptera between farms.  
 
Table 2. 7. Quasipoisson distributed GLM results for the effect margin type on number 
invertebrates sampled from major invertebrate order groups. The estimated slope (± 
SE), t and p values are given 
Dependent 
variable 
Response DF Estimate ± SE t-value p 
Araneae Intercept  47 1.610 ±  0.200 8.053    <0.001 
 Wildflower  0.049 ±  0.148 0.327  0.745 
 Farm2*  -0.130 ± 0.211 -0.616 0.541 
 Farm3*  0.340 ± 0.228  1.490 0.143 
Coleoptera Intercept 47 2.084 ± 0.107 19.422 <0.001 
 Wildflower  0.214 ± 0.146 1.469 0.148 
Diptera Intercept 46 2.069 ± 0.112 18.361 <0.001 
 Wildflower  0.221 ± 0.144 1.444 0.156 
Hemiptera Intercept 44 1.850 ± 0.180 10.269 <0.001 
 Wildflower  0.080 ± 0.108 0.743 0.462 
 Farm2*  0.432 ± 0.185 2.328 <0.05 
 Farm3*           1.080 ± 0.195 5.179 <0.001 
Hymenoptera Intercept 45 2.406 ± 0.216 11.133 <0.001 
 Wildflower  0.327 ± 0.190 1.720 <0.05 
 Farm2*  -0.869 ± 0.236  -3.679 <0.001 
 Farm3*  -0.441 ± 0.261 -1.690 0.098 
*See appendix 1 for details on farm ID. 
 
Posthoc Tukey tests highlighted additional between farm variation in Araneae, Hemiptera and 
Hymenoptera abundance (Table 2.8). 
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Table 2. 8. Tukeys range test for between farm differences in the total number of 
Araneae, Hemiptera and Hymenoptera present in margins. 
 Comparison Estimate ± SE Z value p 
Araneae Farm 2 – Farm 1 -0.130 ± 0.211  -0.616 0.809 
 Farm 3 – Farm 1  0.340 ± 0.228   1.490 0.292 
 Farm 3 -  Farm 2  0.470 ± 0.168   2.799 <0.05 
Hemiptera Farm 2 – Farm 1  0.432 ± 0.187   2.303 0.053 
 Farm 3 – Farm 1  1.013 ± 0.199   5.094 <0.001 
 Farm 3 -  Farm 2  0.582 ± 0.122   4.777 <0.001 
Hymenoptera Farm 2 – Farm 1 -0.869 ± 0.238  -3.653 <0.001 
 Farm 3 – Farm 1 -0.422 ± 0.268  -1.574  0.256 
 Farm 3 -  Farm 2  0.447 ± 0.235   1.907  0.136 
 
GLMs revealed a highly significant negative correlation between total invertebrate abundance 
and vegetation height; significant negative relationships with both vegetation height diversity 
and density diversity were also highlighted (Table 2.9). No other vegetation character measured 
was found to influence total invertebrate abundance. 
 
 
Table 2. 9. Quasipoisson distributed GLMs for the relationship between invertebrate 
abundance and margins vegetation characteristics. The estimated slope (± SE), t and p 
values are given. 
Response  DF Estimate ± SE t-value p 
Intercept 48  4.843 ± 0.374 12.964 <0.001 
Vegetation height  -0.109 ± 0.049  -2.345 <0.05 
Intercept 48  5.258 ± 0.346 14.829 <0.001 
Height diversity  -0.463 ± 0.132  -3.524 <0.001 
Intercept 48  4.598 ± 0.339 13.568  <0.001 
Vegetation density  -0.113 ± 0.064 -1.756   0.086 
Intercept 48  4.731 ± 0305 15.491 <0.001 
Density diversity  -0.220 ± 0.092  -2.602 <0.05 
Intercept 48 4.263 ± 0.154 27.625 <0.001 
Grass cover  -0.282 ± 0.168 -1.674   0.101 
Intercept 48  4.126 ± 0.143 28.840 <0.001 
Forb cover   0.031 ± 0.295   0.106   0.916 
Farm 2*  -0.263 ± 0.145 -1.819   0.076 
Farm 3*   0.089 ± 0.162   0.545   0.589 
Intercept 48  4.155 ± 0.133 31.226 <0.001 
Bare ground cover   0.323 ± 0.736 -0.439   0.662 
Farm 2*  -0.257 ± 0.144 -1.788   0.081 
Farm 3*   0.179 ± 0.255  0.702   0.486 
*See appendix 1 for details on farm ID. 
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Where the variable farm was present in the final model (Table 2.9), a posthoc Tukey test was 
conducted for pairwise comparisons (Table 2.10). 
 
Table 2. 10. Tukeys range test for between farm differences in total invertebrate 
abundance relative to forb cover in margins. 
 Comparison Estimate ± SE Z value p 
Forb cover Farm 2 – Farm 1 -0.263 ± 0.052  -5.033 <0.001 
 Farm 3 – Farm 1  0.089 ± 0.059   1.508   0.284 
 Farm 3 – Farm 2  0.351 ± 0.045   7.761 <0.001 
Bare ground Farm 2 – Farm 1  -0.257 ± 0.052  -4.940 <0.001 
 Farm 3 – Farm 1   0.179 ± 0.092   1.939   0.121 
 Farm 3 – Farm 2   0.436 ± 0.082   5.319 <0.001 
 
The invertebrate data were also analysed for each of the major invertebrate orders present in 
samples. Araneae displayed a negative relationship with vegetation height heterogeneity 
(Table 2.11). significant between farms differences in forb cover were highlighted in a Tukey 
test (Table 2.12) 
 
 
Table 2. 11. Quasipoisson distributed GLMs for the relationship between Araneae 
abundance and margin vegetation characteristics. The estimated slope (± SE), t and p 
values are given. 
Response  DF Estimate  ±  SE t-value p 
Intercept 47  2.452 ± 0.5181  4.732 <.001 
Vegetation height  -0.105 ± 0.068 -1.552 0.127 
Intercept 47  2.731 ± 0.530  5.154 <0.001 
Height diversity  -0.400 ± 0.196 -2.041 <0.05 
Intercept 47  2.262 ± 0.457  4.952 <0.001 
Vegetation density  -0.117 ± 0.087 -1.349   0.184 
Intercept 47  2.325 ± 0.430  5.412 <0.001 
Density diversity  -0.209 ± 0.132 -1.581   0.121 
Intercept 47  1.917 ± 0.212  9.039 <0.001 
Grass cover  -0.306 ± 0.231 -1.327   0.191 
Intercept 45  1.667 ± 0.208   8.018 <0.001 
Forb cover  -0.136 ± 0.405 -0.336   0.739 
Farm2*  -0.123 ± 0.212 -0.581   0.564 
Farm3*   0.351 ± 0.231  1.522   0.135 
Intercept 48 1.509 ± 0.112 13.422 <0.001 
Bare ground  0.967 ± 0.544 1.778   0.082 
*See appendix 1 for details on farm ID. 
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Table 2. 12. Tukeys range test for between farm differences in Araneae abundance 
relative to forb cover in margins. 
 Comparison Estimate ± SE Z value p 
Forb cover Farm 2 – Farm 1 -0.123 ± 0.212  -0.581   0.828 
 Farm 3 – Farm 1  0.351 ± 0.231   1.522   0.277 
 Farm 3 – Farm 2  0.474 ± 0.168   2.818 <0.05 
 
No correlation was found between Coleoptera abundance and the vegetation characteristics 
measures or between farms (Table 2.13). 
 
Table 2. 13. Quasipoisson distributed GLMs for the relationship between Coleoptera 
abundance and margins vegetation characteristics. The estimated slope (± SE), t and p 
values are given. 
Response  DF Estimate  ±  SE t-value p 
Intercept 47  2.562 ± 0.475  5.391 <0.001 
Vegetation height  -0.053 ± 0.061 -0.858   0.395 
Intercept 46  2.429 ± 0.485  5.006 <0.001 
Height diversity  -0.092 ± 0.177 -0.520   0.605 
Intercept 47  2.812 ± 0.405  6.950 <0.001 
Vegetation density  -0.126 ± 0.076 -1.627   0.111 
Intercept 46  2.380 ± 0.371  6.415 <0.001 
Density diversity  -0.062 ± 0.112 -0.550   0.585 
Intercept 46  2.376 ± 0.174 13.640 <0.001 
Grass cover  -0.225 ± 0.188 -1.200   0.236 
Intercept 46 1.987 ± 0.128 15.520 <0.001 
Forb cover  0.614 ± 0.342   1.786   0.080 
Intercept 46 2.159 ± 0.094 23.082 <0.001 
Bare ground   0.134 ± 0.481   0.279   0.781 
 
For Diptera significant negative associations were present with height diversity and density 
diversity (Table 2.14).  
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Table 2. 14. Quasipoisson distributed GLMs for the relationship between Diptera 
abundance and margins vegetation characteristics. The estimated slope (± SE), t and p 
values are given. 
Response  DF Estimate ± SE t-value p 
Intercept 47  3.382 ± 0.438  7.731 <0.001 
Vegetation height  -0.062 ± 0.057 -1.10   0.268 
Intercept 48  4.307 ± 0.438  9.840 <0.001 
Height diversity  -0.505 ± 0.163 -3.104 <0.01 
Intercept 47  3.084 ± 0.382  8.074 <0.001 
Vegetation density  -0.034 ± 0.071 -0.477   0.636 
Intercept 48  3.952 ± 0.351 11.260 <0.001 
Density diversity  -0.314 ± 0.109  -2.870 <0.01 
Intercept 47 2.836 ± 0.178 15.910 <0.001 
Grass cover  0.076 ± 0.185   0.410   0.684 
Intercept 48 2.879 ± 0.123  23.373 <0.001 
Forb cover  0.084 ± 0.350    0.241   0.811 
Intercept 47 2.917 ± 0.089 32.695 <0.001 
Bare ground   -0.074 ± 0.460 -0.161   0.873 
 
For Hemiptera no significant correlations with vegetation measurements were found, but there 
were significant differences between farms (Table 2.15), which were further investigated via a 
Tukey test (Table. 2.16). 
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Table 2. 15. Quasipoisson distributed GLMs for the relationship between Hemiptera 
abundance and margins vegetation characteristics. The estimated slope (± SE), t and p 
values are given.  
Response  DF Estimate ± SE t-value p 
Intercept 46  2.268 ± 0.343  6.606 <0.001 
Vegetation height  -0.057 ± 0.048 -1.194   0.232 
Farm2*   0.517 ± 0.207  2.495 <0.05 
Farm3*   1.059 ± 0.203  5.210 <0.001 
Intercept 45  2.318 ± 0.495  4.685 <0.001 
Height diversity  -0.169 ± 0.181 -0.932   0.357 
Farm2*   0.487 ± 0.213  2.284 <0.05 
Farm3*   0.924 ± 0.217  4.256 <0.001 
Intercept 46  2.139 ± 0.372  5.745 <0.001 
Vegetation density  -0.056 ± 0.075  -0.751   0.456 
Farm2*   0.501 ± 0.209  2.400 <0.05 
Farm3*   1.046 ± 0.203  5.160 <0.001 
Intercept 46  1.853 ± 0.363 5.098 <0.001 
Density diversity   0.013 ± 0.112 0.118   0.907 
Farm2*   0.423 ± 0.201 2.102 <0.05 
Farm3*   1.016 ± 0.201 5.052 <0.001 
Intercept 46  1.981 ± 0.289  6.861 <0.001 
Grass cover  -0.089 ± 0.229    -0.388   0.700 
Farm2*   0.431 ± 0.188  2.284 <0.05 
Farm3*   0.973 ± 0.231  4.214 <0.001 
Intercept 46  1.809 ± 0.189  9.586 <0.001 
Forb cover   0.329 ± 0.304  1.084   0.285 
Farm2*   0.415 ± 0.187  2.215 <0.05 
Farm3*   0.973 ± 0.203  4.803 <0.001 
Intercept 44  1.951 ± 0.197  9.889 <0.001 
Bare ground  -0.910 ± 0.842 -1.081   0.285 
Farm2*   0.443 ± 0.206  2.152 <0.05 
Farm3*   1.170 ± 0.315  3.716 <0.001 
*See appendix 1 for details on farm ID. 
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Table 2. 16. Tukeys range test for between farm differences in Hemipteran abundance 
relative to margin vegetation characteristics; vegetation height, height diversity, 
vegetation density, density diversity, grass cover, forb cover, bare ground cover.. 
 Comparison Estimate ± SE Z value p 
Vegetation height Farm 2 – Farm 1   0.471 ± 0.229  2.059   0.095 
 Farm 3 – Farm 1   0.941 ± 0.222  4.234 <0.001 
 Farm 3 – Farm 2   0.470 ± 0.145  3.234 <0.01 
Height diversity Farm 2 – Farm 1   0.486 ± 0.213  2.284   0.056 
 Farm 3 – Farm 1   0.924 ± 0.217  4.256 <0.001 
 Farm 3 – Farm 2   0.438 ± 0.145  3.026 <0.01 
Vegetation density Farm 2 – Farm 1   0.501 ± 0.209  2.400 <0.05 
 Farm 3 – Farm 1   1.046 ± 0.203  5.160 <0.001 
 Farm 3 –  Farm 2   0.545 ± 0.133  4.094 <0.001 
Density diversity Farm 2 – Farm 1   0.423 ± 0.201  2.102   0.087 
 Farm 3 – Farm 1   1.016 ± 0.201  5.052 <0.001 
 Farm 3 – Farm 2   0.592 ± 0.122  4.457 <0.001 
Grass cover Farm 2 – Farm 1   0.431 ± 0.189  2.284   0.056 
 Farm 3 – Farm 1   0.973 ± 0.231  4.214 <0.001 
 Farm 3 – Farm 2   0.542 ± 0.167  3.253 <0.01 
Forb cover Farm 2 – Farm 1   0.415 ± 0.187  2.215   0.066 
 Farm 3 – Farm 1   0.973 ± 0.203  4.803 <0.001 
 Farm 3 – Farm 2   0.558 ± 0.124  4.492 <0.001 
Bare ground Farm 2 – Farm 1   0.443 ± 0.206  2.152   0.076 
 Farm 3 – Farm 1   1.170 ± 0.315  3.716 <0.001 
 Farm 3 –  Farm 2   0.723 ± 0.255  4.094 <0.05 
 
Lastly Hymenoptera showed no relationship with vegetation variables but showed some 
variation between farms (Table 2.17; Table 2.18). 
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Table 2. 17.  Quasipoisson distributed GLMs for the relationship between Hymenoptera 
abundance and margins vegetation characteristics. The estimated slope (± SE), t and p 
values are given. 
Response  DF Estimate  ± SE t-value p 
Intercept 45  3.075 ± 0.367  8.376 <0.001 
Vegetation height  -0.014 ± 0.054 -0.256   0.798 
Farm2*  -1.193 ± 0.137 -8.727 <0.001 
Farm3*  -0.777 ± 0.132 -5.847 <0.001 
Intercept 45  3.102 ± 0.815  3.806 <0.001 
Height diversity  -0.195 ± 0.313 -0.623   0.536 
Farm2*  -0.776 ± 0.270 -2.884 <0.01 
Farm3*  -0.415 ± 0.282 -1.472   0.148 
Intercept 45  2.874 ± 0.677  4.245 <0.001 
Vegetation density  -0.062 ± 0.146 -0.412   0.682 
Farm2*  -0.766 ± 0.307 -2.496 <0.05 
Farm3*  -0.378 ± 0.295 -1.281   0.207 
Intercept 45  2.729 ± 0.613  4.450 <0.001 
Density diversity  -0.044 ± 0.213 -0.209   0.835 
Farm2*  -0.806 ± 0.294 -2.736 <0.01 
Farm3*  -0.397 ± 0.290 -1.369   0.178 
Intercept 47  2.919 ± 0.443  6.582 <0.001 
Grass cover  -0.298 ± 0.385 -0.774   0.443 
Farm2*  -0.854 ± 0.250 -3.415 <0.01 
Farm3*  -0.574 ± 0.349 -1.645   0.107 
Intercept 47  2.339 ± 0.247  9.440 <0.001 
Forb cover   1.029 ± 0.538  1.914   0.062 
Farm2*  -0.885 ± 0.244 -3.628 <0.001 
Farm3*  -0.519 ± 0.280 -1.850   0.071 
Intercept 47  2.680 ± 0.212 12.617 <0.001 
Bare ground  -1.439 ± 1.527 -0.942   0.351 
Farm2*  -0.799 ± 0.250 -3.190 <0.01 
Farm3*  0.0001 ± 0.517  0.000   0.100 
*See appendix 1 for details on farm ID. 
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Table 2. 18. Tukeys range test for between farm differences in Hymenoptera abundance 
relative to margin vegetation characteristics; vegetation height, height diversity, 
vegetation density, density diversity, grass cover, forb cover, bare ground cover. 
 Comparison Estimate ± SE Z value p 
Vegetation height Farm 2 – Farm 1  -1.203 ± 0.328 -3.672 <0.001 
 Farm 3 – Farm 1  -0.707 ± 0.319 -2.217   0.068 
 Farm 3 – Farm 2   0.496 ± 0.324  1.531   0.277 
Height diversity Farm 2 – Farm 1  -0.776 ± 0.269 -2.884 <0.05 
 Farm 3 – Farm 1  -0.415 ± 0.282 -1.427   0.305 
 Farm 3 – Farm 2   0.361 ± 0.269  1.343   0.371 
Vegetation density Farm 2 – Farm 1  -0.766 ± 0.307 -2.496 <0.05 
 Farm 3 – Farm 1  -0.378 ± 0.295 -1.281   0.405 
 Farm 3 – Farm 2   0.388 ± 0.267  1.453   0.313 
Density diversity Farm 2 – Farm 1  -0.806 ± 0.295 -2.736 <0.05 
 Farm 3 – Farm 1  -0.397 ± 0.290 -1.369   0.356 
 Farm 3 – Farm 2   0.409 ± 0.264  1.552   0.266 
Grass cover Farm 2 – Farm 1  -0.854 ± 0.250 -3.412 <0.01 
 Farm 3 – Farm 1  -0.575 ± 0.349 -1.645   0.223 
 Farm 3 – Farm 2   0.279 ± 0.311  0.897   0.638 
Forb cover Farm 2 – Farm 1  -0.885 ± 0.244 -3.628 <0.001 
 Farm 3 – Farm 1  -0.519 ± 0.280 -1.850   0.153 
 Farm 3 – Farm 2   0.367 ± 0.243  1.510   0.285 
Bare ground Farm 2 – Farm 1  -0.800 ± 0.251 -3.190 <0.01 
 Farm 3 – Farm 1  -0.0001 ± 0.517  0.000   1.000 
 Farm 3 – Farm 2   0.799 ± 0.466  1.715   0.187 
*See appendix 1 for details on farm ID. 
 
2.3.3. Passerine foraging and habitat type 
A total of 767 individual passerines were recorded over 100 foraging observations. 249 of these 
passerines were recorded in the margin (Appendix 2), 213 in the crop (Appendix 3) and 305 in 
the boundary habitat (Appendix 4). Quasipoisson distributed GLM’s showed that the total 
number of passerines observed between visits did not differ between margin types (df96, 
t=0.213, p=0.670), crop types (df94, t=-0.821, p=0.410) or boundary habitats (df94, t=-1.150, 
p=0.253). The passerine count data (maximum number of passerines recorded) was therefore 
pooled between visits (point counts were conducted twice at each surveying location) for each 
of these habitats.  
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The total number of passerines counted on margins only was further divided into those whose 
summer diet is purely insectivorous (insectivorous passerine count) and those that eat a mixture 
of grain and insects (mixed diet passerine count). Neither the total number of insectivores (df98, 
t=-0.834, p=0.406) or mixed diet passerines (df98, t=1.392, p=0.167) observed was found to 
differ significantly between visits. Therefore data were pooled between visits, this meant the 
maximum total passerine, insectivore and mixed diet count was used as the response variable 
in models. 
 
Margin habitat 
The first analysis focused on passerine activity in wildflower and grass margin habitats. The 
quassipoisson GLM showed no significant differences between the total bird counts on 
wildflower and grass margins (df47, t=1.023, p=-0.311), this was potentially due to low sample 
sizes and sensitivity.  
 
This analysis was followed by investigating whether margin use was influenced by the presence 
of adjacent cereal or broadleaf crops. The quasipoisson GLM showed no significant difference 
in foraging frequency with the total passerine count data (df47, t=0.041, p=0.968). 
 
Next margin use by passerines was explored in relation to the boundary type present alongside 
margins. There was no significant difference in the total number of passerines recorded on 
margins according to the adjacent boundary type (Table 2.19). Farm and boundry types were 
compared further using a posthoc Tukey test (Table. 2.20). 
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Table 2. 19. Quasipoisson distributed GLM for the relationship between total passerine 
abundance in margins and adjacent boundary type. The estimated slope (± SE), t and p 
values are given. 
Level  DF Estimate ± SE z-value p 
Intercept 48  1.834 ± 0.346  5.301 <0.001 
None  -0.386 ± 0.543 -0.710    0.482 
Treeline    0.639 ± 0.285  2.240  <0.05 
Farm 2*  -0.424 ± 0.391 -1.085   0.284 
Farm 3*  -1.404 ± 0.543 -2.588  <0.05 
*See appendix 1 for details on farm ID. 
 
Table 2. 20. Tukeys range test for between farm and boundary type differences in total 
passerine abundance. 
 Comparison Estimate ± SE Z value p 
Farm Farm 2 – Farm 1  -0.424 ± 0.391 -1.085   0.509 
 Farm 3 – Farm 1  -1.404 ± 0.543 -2.588 <0.05 
 Farm 3 – Farm 2  -0.980 ± 0.376 -2.604 <0.05 
Boundary type None – Hedge  -0.776 ± 0.269 -2.884 <0.05 
 Treeline – Hedge  -0.415 ± 0.282 -1.427   0.305 
 Treeline – None   0.361 ± 0.269  1.343   0.371 
 
Lastly the total passerine count data was divided by dietary classification. GLMs revealed no 
significant differences between insectivore abundance on wildflower and grass-only margins  
(df48, t=0.422, p=0.675). This was also true for the mixed diet group, with no significant 
difference in margin use being recorded between margin types (df48, t=1.377, p=0.175). 
 
Crop habitat  
Next, I investigated crop habitat use by passerines in relation to grass or wildflower margin 
presence. A total of 94 passerines were observed on crop neighbouring grass margins and 144 
passerines on crop neighbouring wildflower margins. No significant differences in passerine 
activity were seen between crop adjacent to wildflower and grass margins (Table 2.21), but 
significantly fewer passerines were reported on cereal crops when compared to broadleaf 
(Table 2.21; Figure 2.2). A posthoc Tukeys test showed no differences in crop bird abundance 
were seen between farms (Table 2.22). 
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Table 2. 21. Quasipoisson distributed GLMs for the relationship between crop passerine 
abundance relative to margin type and crop type present. The estimated slope (± SE), t 
and p values are given. 
 Level  DF Estimate ± SE t-value p 
Margin type Intercept 45  0.508 ± 0.552  0.920   0.362 
 Wildflower   0.229 ± 0.286  0.798   0.429 
 Farm 2*   1.077 ± 0.553  1.948   0.058 
 Farm 3*   0.353 ± 0.640  0.550   0.585 
Crop type Intercept 43  1.701 ± 0.526  3.235 <0.01 
 Cereal  -1.073 ± 0.343 -3.134 <0.01 
 Farm 2*   0.145 ± 0.501  0.288   0.774 
 Farm 3*  -0.720 ± 0.593 -1.215   0.231 
*See appendix 1 for details on farm ID. 
 
 
Figure 2. 2. The average (mean ± SE) bird abundance of broadleaf and cereal crops.  
The mean and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant difference:  **<0.01. 
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Table 2. 22. Tukeys range test for between farm differences in total passerine 
abundance on cereal on broadleaf crops and between margin types. 
 Comparison Estimate ± SE Z value p 
Farm (margin) Farm 2 – Farm 1   0.977 ± 0.524  1.862   0.144 
 Farm 3 – Farm 1   0.352 ± 0.603  0.583   0.824 
 Farm 3 – Farm 2  -0.625 ± 0.378 -1.650   0.217 
Farm (crop) Farm 2 – Farm 1   0.591 ± 0.577  1.023   0.546 
 Farm 3 – Farm 1  -0.274 ± 0.699 -0.392   0.914 
 Farm 3 – Farm 2  -0.395 ± 0.395 -2.192   0.067 
 
Boundary habitat  
Finally I looked at boundary habitat use in relation to the type of neighbouring margin. 202 
passerines were seen on the boundary alongside grass margins and 159 alongside wildflower 
margins. A quasipoisson GLM showed that the number of passerines observed along boundary 
habitats was not influenced by the adjoining margin type (Table 2.23).  
But significant differences in passerine numbers seen between grass, hedge and woodland 
boundaries were found through the use of a quasipoisson distributed GLM (Table 2.23, Figure 
2.3).  
 
Table 2. 23. Quasipoisson distributed GLMs for the relationship between boundary bird 
abundance relative to margin type and the adjacent boundary type present. The 
estimated slope (± SE), t and p values are given 
 Level  DF Estimate ± SE t-value p 
Margin type Intercept 45 1.817 ± 0.251 7.243 <0.001 
 Wildflower  -0.239 ± 0.169  -1.420 0.162 
 Farm 2*  0.451 ± 0.260 1.739 0.089 
 Farm 3*  -0.129 ± 0.318 -0.407 0.682 
Boundary type Hedge (Intercept) 45 2.184 ± 0.107 20.427 <0.001 
 Grass  -1.373 ± 0.555 -2.487 <0.05 
 Treeline  -0.384 ± 0.182 -2.107 <0.05 
*See appendix 1 for details on farm ID. 
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Figure 2. 3. The average (mean ± SE) boundary bird abundance in hedge, grass and 
treeline habitats. The mean and standard errors model estimates were back 
transformed for graphical representation Stars above bars indicate a significant 
difference from hedge:  * <0.05. 
 
Tukey tests of number of birds recorded on boundry habitats in relation to margin type and 
boundary type showed some farm level differences (Table 2.24). 
 
Table 2. 24. Tukeys range test for between farm differences in boundary passerine 
abundance between margin types and between boundary types. 
 Comparison Estimate ± SE Z value p 
Margin  Farm 2 – Farm 1   0.451 ± 0.259  1.739   0.185 
 Farm 3 – Farm 1  -0.129 ± 0.318 -0.407   0.911 
 Farm 3 – Farm 2  -0.580 ± 0.231 -2.512 <0.05 
Boundary  Farm 2 – Farm 1  -1.373 ± 0.552 -2.487 <0.05 
 Farm 3 – Farm 1  -0.384 ± 0.182 -2.107   0.079 
 Farm 3 – Farm 2   0.989 ± 0.562  1.762   0.166 
 
2.3.4. Relationship between margin features and bird occurrences 
Total passerine abundance  
As passerine numbers were not found to differ significantly between margin types grass-only 
and wildflower margin data was combined to examine how vegetation characteristics of 
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margins influence passerine use. None of the vegetation characteristic under assessment were 
found to influence the number of passerines using margin habitat (Table 2.25).  
 
Table 2. 25. Quasipoisson distributed GLMs for the relationship between total margin 
passerine abundance relative to measurements of vegetation characteristics. The 
estimated slope (± SE), t and p values are given. 
Fixed effect  DF Estimate ± SE t-value p 
Intercept 48 2.975 ± 0.894 3.328 <0.01 
Vegetation height  -0.179 ± 0.118 -1.509 0.137 
Intercept 48 2.924 ± 0.934 3.132 <0.01 
Height diversity  -0.483 ± 0.347 -1.392 0.170 
Intercept  48 3.343 ± 0.808 2.900 <0.01 
Vegetation density  -0.138 ± 0.154 -0.897 0.374 
Intercept 48 2.548 ± 0.634 4.019 <0.001 
Density diversity  -0.318 ± 0.197 -1.608 0.115 
Intercept 48 1.343 ± 0.344 3.911 <0.001 
Grass cover  0.198 ± 0.350 0.566 0.574 
Intercept 48 1.604 ± 0.269 5.969 <0.001 
Forb cover  0.057 ± 0.775 0.074 0.942 
Intercept 48 1.575 ± 0.200 7.871 <0.001 
Bare ground  -0.325 ± 1.00 0.324 0.747 
 
Next, total passerine abundance was investigated in terms of margin invertebrate abundance. 
Margin use was positively related with total invertebrate abundance and Araneae (Table 2.26). 
 
Table 2. 26. Quasipoisson distributed GLMs for the relationship between total passerine 
abundance relative to measurements of insect food abundance. The estimated slope (± 
SE), t and p values are given. 
Fixed effect  DF Estimate ± SE t-value p 
Intercept 48 0.247 ± 0.653 0.378 0.707 
Invertebrate abundance  0.183 ± 0.083 2.205 <0.05 
Intercept 48 0.700 ± 0.340 2.059 <0.05 
Araneae  0.388 ± 0.127 3.054 <0.01 
Intercept 48 1.140 ± 0.526 2.169 <0.05 
Coleoptera  0.164 ± 0.170 0.965 0.339 
Intercept 48 1.055 ± 0.595 1.773 0.083 
Diptera  0.131 ± 0.132 0.992 0.326 
Intercept 47 1.352 ± 0.333 4.060 <0.001 
Hemiptera  0.053 ± 0.092 0.574 0.568 
Intercept 48 1.276 ± 0.262 4.882 <0.001 
Hymenoptera  0.091 ± 0.082 1.112 0.272 
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Insectivorous passerine abundance 
Insectivorous passerines showed negative associations with vegetation height, height 
diversity, density diversity and bare ground cover (Table 2.27) and significant differences 
were also found between farms. The results of posthoc Tukey tests for between farm 
differences in insectivorous passerine abundance between farms relative to vegetation 
characteristics are presented in Table 2.28. 
 
Table 2. 27. Quasipoisson distributed GLMs for the relationship between the abundance 
of insectivorous birds relative to measurements of vegetation characteristics. The 
estimated slope (± SE), t and p values are given. 
Fixed effect  DF Estimate ± SE t-value p 
Intercept 44  3.358 ± 0.860  3.907 <0.001 
Vegetation height  -0.401 ± 0.127 -3.172 <0.01 
Farm2*   0.379 ± 0.382  0.991   0.327 
Farm3*  -1.463 ± 0.707 -2.070 <0.05 
Intercept 44 3.196 ± 0.960  3.328 <0.01 
Height diversity  -0.977  ± 0.367 -2.662 <0.05 
Farm2*    0.107  ± 0.386  0.278   0.783 
Farm3*  -1.788 ± 0.749 -1.58 <0.05 
Intercept 44 1.993 ± 0.938  2.126 <0.05 
Vegetation density  -0.284 ± 0.202 -1.411 0.165 
Farm2*   0.153 ± 0.450  0.341 0.735 
Farm3*  -1.608 ± 0.797 -2.018 <0.0 
Intercept 44  2.906 ± 0.755 -3.851 <0.001 
Density diversity  -0.784 ± 0.254 -3.087 <0.01 
Farm2*   0.422 ± 0.400  1.053   0.298 
Farm3*   -1.568 ± 0.774 -2.026 <0.05 
Intercept 47   -0.297 ± 0.578 -0.515   0.609 
Grass cover     0.875 ± 0.553  1.586   0.120 
Intercept 45  0.936 ± 0.456  2.053 <0.05 
Forb cover  -0.795 ± 1.093 -0.728   0.471 
Farm2*   0.016 ± 2.093  0.037   0.971 
Farm3*  -1.691 ± 0.898 -2.883   0.066 
Intercept 47  0.905 ± 0.234  3.868 <0.001 
BG  -3.403 ± 1.698 -2.000 <0.05 
*See appendix 1 for details on farm ID. 
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Table 2. 28. Tukeys range test for between farm differences in abundance of 
insectivorous birds relative to measurements of vegetation characteristics. 
 Comparison Estimate ± SE Z value p 
Vegetation height  Farm 2 – Farm 1    0.379 ± 0.382   0.991    0.571   
 Farm 3 – Farm 1   -1.463 ± 0.707  -2.070   0.091   
 Farm 3 – Farm 2   -1.842 ± 0.653  -2.820 <0.05 
Height diversity  Farm 2 – Farm 1     0.107 ± 0.386    0.278   0.957 
 Farm 3 – Farm 1    -1.788 ± 0.749 -2.387 <0.05  
 Farm 3 – Farm 2    -1.895 ± 0.705  -2.687  <0.05 
Vegetation density  Farm 2 – Farm 1     0.153 ± 0.450  0.341    0.936   
 Farm 3 – Farm 1   -1.608 ± 0.797  -2.018   0.103   
 Farm 3 – Farm 2   -1.761 ± 0.744  -2.368 <0.05 
Density diversity  Farm 2 – Farm 1     0.249 ± 0.386   0.646   0.788 
 Farm 3 – Farm 1    -1.594 ± 0.722  -2.207   0.066  
 Farm 3 – Farm 2    -1.843 ± 0.674  -2.737  <0.05   
Forb cover Farm 2 – Farm 1   -0.136 ± 0.415  -0.329 0.940 
 Farm 3 – Farm 1   -1.709 ± 0.822  -2.080 0.088  
 Farm 3 – Farm 2   -1.573 ± 0.763  -2.062  0.092   
 
Insectivorous passerine abundance was only found to relate to one measure of insect 
abundance, that was the total number of Araneae, some between farm differences in 
abundance were also recorded (Table 2.29).  
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Table 2. 29. Quasipoisson distributed GLMs for the relationship between the abundance 
of insectivorous passerines relative to measurements of vegetation characteristics. The 
estimated slope (± SE), t and p values are given. 
Fixed effect  DF Estimate ± SE t-value p 
Intercept 47 -0.324 ± 1.159 -0.279 0.781 
Invertebrate abundance  0.136 ± 0.135 1.008 0.319 
Farm2*  0.106 ± 0.459 0.231 0.818 
Farm3*  -1.817 ± 0.886 -2.051 <0.05 
Intercept 45 -1.488 ± 0.639 -2.330 <0.05 
Araneae  0.953 ± 0.209 4.556 <0.001 
Farm2*  -0.035 ± 0.418 -0.083 0.934 
Farm3*  -1.192 ± 0.581 -2.052 <0.05 
Intercept 45 0.658 ± 0.747 0.881 0.383 
Coleoptera  0.032 ± 0.208 0.152 0.880 
Farm2*  -0.020 ± 0.447 -0.055 0.965 
Farm3*  -1.766 ± 0.901 -1.960 0.056 
Intercept 45 0.071 ± 0.801 0.088 0.930 
Diptera  0.152 ± 0.154 0.989 0.328 
Farm2*  0.006 ± 0.436 0.013 0.990 
Farm3*  -1.750 ± 0.883 -1.982 0.054 
Intercept 47 0.269 ± 0.708 0.380 0.706 
Hemiptera  0.192 ± 0.230 0.834 0.409 
Farm2*  -0.151 ± 0.464 -0.326 0.746 
Farm3*  -2.190 ± 1.068 -2.051 <0.05 
Intercept 48 0.485 ± 0.768 0.631 0.531 
Hymenoptera  0.065 ± 0.155 0.421 0.676 
Farm2*  0.090 ± 0.536 0.169 0.867 
Farm3*  -1.680 ± 0.931 -1.805 0.078 
*See appendix 1 for details on farm ID. 
The results of posthoc Tukey tests for between farm differences in insectivorous passerine 
abundance between farms relative to invertebrate abundance measurements are presented in 
Table 2.30. 
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Table 2. 30. Tukeys range test for between farm differences in abundance of 
insectivorous birds relative to measurements of invertebrate abundance. 
 Comparison Estimate ± SE Z value p 
Invertebrate  Farm 2 – Farm 1  -0.101 ± 0.432  -0.233    0.969   
abundance Farm 3 – Farm 1  -1.793 ± 0.817 -2.194   0.068   
 Farm 3 – Farm 2  -1.692 ± 0.784  -2.159   0.074 
Araneae  Farm 2 – Farm 1  -0.120 ± 0.388  -0.310   0.946 
 Farm 3 – Farm 1  -1.918 ± 0.775  -2.474 <0.05  
 Farm 3 – Farm 2  -1.798 ± 0.732  -2.458  <0.05 
Coleoptera  Farm 2 – Farm 1  -0.169 ± 0.4156  -0.408   0.909   
 Farm 3 – Farm 1  -1.765 ± 0.820  -2.152   0.075   
 Farm 3 – Farm 2  -1.596 ± 0.768  -2.078   0.089 
Diptera  Farm 2 – Farm 1  -0.155 ± 0.414  -0.375   0.922 
 Farm 3 – Farm 1  -1.761 ± 0.818 -2.154   0.074  
 Farm 3 – Farm 2  -1.607 ± 0.764  -2.103    0.083   
Hemiptera Farm 2 – Farm 1  -0.213 ± 0.437  -0.487   0.870 
 Farm 3 – Farm 1  -1.905 ± 0.955  -1.995   0.104  
 Farm 3 – Farm 2  -1.692 ± 0.841  -2.012    0.099   
Hymenoptera Farm 2 – Farm 1   0.039 ± 0.502   0.078   0.997 
 Farm 3 – Farm 1  -1.612 ± 0.832  -1.914   0.129  
 Farm 3 – Farm 2  -1.652 ± 0.764  -2.161    0.074   
 
 
Mixed diet passerine abundance 
Foraging in mixed diet species was not significantly related to any of the vegetation features 
under assessment (Table 2.31). 
Table 2. 31. Quasipoisson distributed GLMs for the relationship between the abundance 
of mixed diet passerines relative to measurements of vegetation characteristics. The 
estimated slope (± SE), t and p values are given. 
Fixed effect  DF Estimate ± SE t-value p 
Intercept 47 1.681 ± 1.058 1.588 0.119 
Vegetation height  -0.116 ± 0.139 -0.834 0.409 
Intercept 48 2.073 ± 1.075 2.214 <0.05 
Height diversity  -0.471 ± 0.399  -1.182 0.243 
Intercept 47 1.553 ± 0.918 1.692 0.097 
Vegetation density  -0.144 ± 0.175 -0.824 0.414 
Intercept 47 1.866 ± 0.841 2.219 <0.05 
Density diversity  -0.334 ± 0.264 -1.267 0.211 
Intercept 48 0.965 ± 0.437 2.209 <0.05 
Grass cover  -0.188 ± 0.459 -0.401 0.690 
Intercept 47 0.724 ± 0.319 2.267 <0.05 
Forb cover  0.500 ± 0.887 0.563 0.576 
Intercept 48 0.731 ± 0.229 3.191 <0.01 
Bare ground  0.486 ± 1.157  0.420 0.676 
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Mixed diet species responded positively relative to margin invertebrate abundance, but did not 
respond to the abundance of the major invertebrate orders (Table 2.32). 
 
Table 2. 32. GLM results for the effect of margin invertebrate abundance 
measurements on passerine usage. The estimated slope (± SE), z and p values are 
given.). 
Fixed effect  DF Estimate ± SE t-value p 
Intercept 48 -0.905 ± 0.770 -1.176 0.245 
Invertebrate abundance  0.235±0.096 2.439 <0.05 
Intercept 48 0.125 ± 0.445 0.281 0.780 
Araneae  0.320 ± 0.170 1.875 0.067 
Intercept 48 0.375 ± 0.623 0.602 0.550 
Coleoptera  0.170 ± 0.201 0.847 0.401 
Intercept 48 0.112 ± 0.676 0.165 0.869 
Diptera  0.176 ± 0.148 1.186 0.242 
Intercept 48 0.355 ± 0.413 0.860 0.394 
Hemiptera  0.151 ± 0.107 1.411 0.165 
Intercept 48 0.561 ± 0.358 1.566 0.124 
Hymenoptera  0.113 ± 0.111 1.017 0.314 
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2.4. Discussion  
2.4.1. Vegetation differences between margin types 
Vegetation characteristics were not significantly different between grass-only and wildflower 
margins and this finding is likely to explain the similar patterns of margin use by birds between 
treatments. It is however, possible that the methods used did not appropriately capture the plant 
diversity within these habitats, as only characters that were highlighted in the literature review 
as being potentially influential in determining bird-habitat associations were measured. Some 
margins were difficult to identify visually as being grass-only or wildflower margins this was 
surprising given the margin definitions but it may have been necessary to investigate fine scale 
measurements such as plant diversity and richness to reveal between treatment differences.  
 
Perhaps the most unexpected result was the similarity between forb and grass cover in 
wildflower and grass-only margins. One would expect grass cover to dominate grass-only 
margins and forb cover to dominate in wildflower & grass margins. This was not, however, 
shown in this chapter. These similarities may be a direct result of management; both margins 
types are topped to reduce grass dominance. The wildflower margins used were topped at least 
once annually in autumn and/or in late June/July to control for thistles and docks. Cuttings 
were removed in an attempt to further enhance flower development. Grass margins 
management involved topping the 3 m’s of margin nearest the crop to 9” before harvest, this 
was done to control for woody growth and brambles Rubus fruticosus. Grass margins were 
initially topped regularly, but for older margins this was reduced to 1-2 cuts in a 5 year period. 
The vegetative similarities recorded here highlights the challenges associated with the 
establishment and maintenance of wildflower margins on modern arable farms, margins are 
commonly taken over by grass and species diversity is reduced (Smith & Everette, 2010). 
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Smith & Everette (2010) show that sowing of a diverse selection of forbs in narrow wildflower 
strips (6m) was ineffective, as sown grass dominated, regardless of sowing rate. They 
questioned the value of narrow wildflower strips on arable farms and encouraged the creation 
of larger wildflower blocks (20m). This would aim to replicate species-rich grassland, 
maintained by grazing.  
 
In contrast, a multi-year experiment demonstrated that the botanical diversity of grass margins 
was enhanced by the introduction of forbs and species composition varied in relation to region 
and soil type (Critchley et al., 2006). Hence, the results of the current study may be region-
specific and unrepresentative of wildflower margin establishment on a national scale. The farm 
from which margins were surveyed was more important in determining the structure of margin 
vegetation than the margin treatment. The between farms differences that have been recorded 
here could reflect differences between margin age, management practices (e.g. use of herbicide 
when reseeding grass margins, sown versus natural regeneration margins) or unmeasured 
landscape effects (e.g. soil type, aspect of margins on farm).  
 
2.4.2. Margin features and invertebrate abundance 
Significant differences in total invertebrate abundances were recorded between wildflower and 
grass margins, with wildflower margins containing a higher number of invertebrates than their 
grass counterparts, this result is supported by Holland et al., (2014). It is likely that vegetation 
composition was a key factor explaining this relationship. Smith & Everette (2010) showed 
that sown grass margins were negatively associated with several invertebrate groups, 
suggesting that a high cover of Sheep’s fescue Festuca ovina and Crested dogstail Cynosurus 
cristatus is not beneficial for insects. Approximately 20% of the grass margin seed mix used 
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in this study was Crested dogstail and Sheep’s fescue; in wildflower margins these species 
comprised a more variable proportion of the seed bank, ranging between 0 and 20%.   
 
For the majority of invertebrate orders under investigation, differences in total invertebrate 
abundance between margin types did not translate to between order differences. This suggests 
that for Araneae, Coleoptera, Diptera and Heteroptera, the factors determining their abundance 
within margin strips are more complicated than the margin type alone and is more likely to be 
an artefact of the vegetation features within the margin not captured by the vegetation 
assessments, for example the plant species composition. The only order whose abundance 
differed significantly between margin types was Hemiptera, this group was more abundant on 
wildflower strips. Zurbrugg & Frank (2006) clearly showed that total Hemipteran richness in 
pasture was low when compared to wildflower areas and indicated that this relationship was 
related to floral diversity, further studies of grass and wildflower margins should therefore 
include a measure of floral species richness. 
 
Total invertebrate abundance, Hemiptera and Heteroptera were also found to differ 
significantly between farms and suggests that vegetation composition, habitat age, casual 
spraying or alterations to perscriptions may also vary at a farm level. Elements associated with 
margin establishment and their subsequent management are known to effect margin 
invertebrate communities (Hawthorne & Hassall, 1994; Bradbury & Stoate, 2000; Vickery et 
al., 2009). For example, succession or changes in margin structure through cutting (Morris, 
2000) negatively effect  invertebrate communities. The kind of margin management employed, 
along with the timing of its implementation is likewise expected to influence the total number 
of invertebrate recorded as well as taxa diversity (Vickery et al., 2009). 
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Across all margins, vegetation variables varied in their ability to explain invertebrate 
abundances trends. The vegetation characteristics measured were chosen based on their 
apparent importance to foraging birds (Wilson et al., 1996; Stoate & Szczur, 1997; Perkins et 
al., 2002; Whittingham & Markland, 2002; Atkinson et al., 2005; Pearce-Higgins & Grant., 
2006; Clarke et al., 2007; Douglas et al., 2009; Dunn et al., 2010a;  Moorcroft et al., 2010; van 
Klink at al.,  2014), they therefore may exclude measurements that are important in 
determining invertebrate habitat occupation e.g. nectar abundance. Additionally, possible 
insensitivities of the sampling regime and methods may not necessarily have captured the 
variation between margins types and will have had biases.  
 
A significant negative relationship between total invertebrate abundance and vegetation height 
was revealed. This negative relationship may be related to invertebrate sampling technique 
used. Doxon et al., (2011) showed that when compared with sweep netting, vacuum sampling 
with a Vortis favored small invertebrates (<5cm) that occupy the plant base layer thereby 
excluding those foliar invertebrates, which live near the sward tips. Furthermore the taller 
vegetation may have reduced the efficiency of Vortis by impeding airflow and thus reducing 
the number of invertebrates collected. The Vortis may thus not have captured the actual 
invertebrate abundance or diversity in swards and could have been used in conjunction with 
sweep netting to measure invertebrates on vertical projections. This also suggests that 
invertebrate samples may better reflect the diet of ground feeding birds and not gleaners that 
feed off the plant stems. Alternatively, vegetation height has been highlighted as an important 
feature of grassland, affecting the invertebrate species composition (Southwood & van Emden, 
1967). When maintained at low heights (5–15 cm), higher densities of phytophagous and 
saprophagous species of Collembola, Coleoptera and Hymenoptera, may be found (Southwood 
& van Emden, 1967). 
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Total invertebrate abundance and Diptera abundance was negatively related to height-diversity 
and density-diversity. Thus invertebrate populations were lower in more diverse habitats  and 
could be a result of their preference for one particular plant species or microhabitat. Previous 
studies have highlighted the preference of Araneae for habitats with fewer niches (Blake et al., 
2013) stating that they benefit from dense tussock grasses (Potts et al., 2007). In contrast, 
Coleoptera showed no significant associations with the vegetation features under investigation. 
Other studies have found that it is necessary to further subdivide this order to understand their 
habitat preferences, e.g.  Smith & Everette (2010) found that phytophagus and flower feeding 
Coleoptera were more likely to respond to the increased broadleaf cover provided by 
wildflower strips.  
 
Lastly, Hymenoptera showed a significant positive relationship with percentage forb cover. 
Margin mixes that comprise a diverse seed mix and include perennial forbs were highlighted 
by Vickery et al., (2009) as proving essential pollen and nectar resources for Hymenopteran 
species. Parasitoids are an example of Hymenopterans that feed as adults on pollen and nectar, 
preforming the vital function of pollination while collecting it from flowers. 
 
2.4.3. Passerine foraging and habitat type 
Margin habitat 
The number of birds seen on grass-only and wildflower margins were found to be unaffected 
by the adjacent crop and boundary type. Bird activity was also similar between margin types 
for the mixed diet and insectivore groups. Given the positive relationship between invertebrate 
abundance and passerine numbers in this study it would be logical to assume that passerines 
are more likely to forage in wildflower margins where insect abundance was shown to be 
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higher.  This was however, not shown to be statistically significant, perhaps because of the lack 
of distinction between vegetation characteristics of grass only and wildflower margins or 
because only a limited number of point count surveys could be conducted on margins.  
 
Crop habitat 
Bird activity on crops adjacent to wildflower and grass-only margins was not found to differ 
significantly. Fewer birds were however, reported on cereal crops when compared with 
broadleaf crops. Holland et al., (2012) investigated farmland bird food provisions in arable 
crops in the UK and found invertebrate numbers and biomass were higher in cereal compared 
with oilseed rape. In Western Poland, Karg (1996) reported the opposite, the mean biomass of 
insects populating the broadleaf crop oilseed rape was higher than either spring or winter cereal. 
This implies that crop type could be a central driver of foraging habitat selection, but that 
habitat use may be dependent on specific management practices and the landscape contexts of 
farms as has been shown in other groups (e.g. Winqvist et al., 2011). 
 
Alternatively the selection of this habitat may be related to structural aspects. Surmacki (2005) 
surveyed the foraging behavior of the Eurasian reed warbler Acrocephalus scirpaceus, sedge 
warbler Acrocephalus schoenobaenus and marsh warbler Acrocephalus palustris on cereal and 
broadleaf crops. He found that for these gleaning species, dense and tall crops such as oilseed 
rape was an attractive foraging habitat. Cereals provide only vertical stalks, which, for the 
majority of the season, may not be sturdy enough to carry the weight of birds. The dense canopy 
of oilseed rape could provide passerines with protection from predators while the open structure 
below allows increased maneuverability.  
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The association between bird-habitat selection by granivorous birds due to food abundance and 
accessibility has previously been reported (Moorcroft et al., 2002; Whittingham & Markland, 
2002). Surveys carried out over the winter showed that common linnet Linaria cannabina, grey 
partridge, common chaffinch Fringilla coelebs, yellowhammer, common reed bunting 
Emberiza schoeniclus and corn bunting all increased in abundance with the amount of seed 
supplied by winter stubble (Moorcroft et al., 2002). Accessibility also relates to bird 
abundances, high proportions of bare ground caused increases in linnet, yellowhammer, reed 
bunting and corn bunting occupancy, but lower use by the common woodpigeon Columba 
palumbus (Moorcroft et al., 2002). This is probably also the case for invertebrate and mixed 
diet species when searching for chick food and probably relates to species specific predator 
avoidance strategies (Perkins et al., 2000). Predator avoidance strategies will vary between 
species and it is therefore doubtful that shorter vegetation and bare ground will be advantageous 
to all. For example, the grey partridge and the corncrake Crex crex rely on crypsis to avoid 
predation; this means that the foraging benefits of short vegetation are unlikely to exceed the 
costs (Whittingham & Evans 2004). Shorter vegetation is also more successfully exploited by 
foraging birds of prey, which will have negative consequences on passerines and chicks 
(Toland, 1987).  
 
Boundary habitat 
The adjacent margin type was not found to influence the number of birds inhabiting a section 
of boundary. Significant differences in bird numbers were however, seen at point counts with 
different boundary types. The majority of birds were recorded along hedgerow habitats, 
followed by treelines; with the lowest number being recorded where no boundary was present. 
This finding supports Vickery et al., (2002) who suggest that a larger number of birds will 
benefit from invertebrate-rich foraging habitats located along hedgerows. O’Connor & Shrubb 
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(1990) showed that hedgerows significantly influenced the size and make up of farmland bird 
communities, offering birds a source of food, shelter and nest cover.  
 
2.4.4. Relationship between margin features and bird occurrences 
Two coefficients were highlighted as significantly influencing margin usage in the total bird 
data; total invertebrate abundance and Araneae abundance. The value of arable field margins 
to foraging passerines has been highlighted on a landscape scale (e.g. Wilson et al. 1999; 
Brickle & Harper, 2000; Perkins et al., 2002; Douglas et al., 2009). Increased margin use has 
been linked with higher insect abundance when compared to the neighbouring cereal crop 
(Thomas & Marshall, 1999; Hart et al., 2006). My study extends this finding by showing that 
between margin types, foraging habitat choice is influenced by food abundance. 
 
Invertebrate abundance only had a small effect on the total number of birds foraging, this may 
be related to the timing of sampling.  Invertebrate samples were taken in late summer; at this 
time some invertebrates (e.g. Carabidae and Staphylinidae) will have migrated from overwinter 
refuges in boundaries into crops (Thomas et al., 2000) and aphid populations will have crashed 
(Karley et al., 2004).  Douglas et al., (2009) supports this theory, they reported that the 
difference in chick food abundance between crop and margins was lowest in July. Chick food 
will still be in peak demand at this time for a number of vulnerable farmland species including 
yellow wagtail Motacilla flava, Eurasian skylark Alauda arvensis, tree sparrow Passer 
montanus, yellowhammer and corn bunting (Ferguson-Lees et al., 2011) Therefore, more 
detailed studies into seasonal foraging patterns in relation to food availability across a variety 
of habitats may highlight central drivers of foraging decision. Lack of effect of vegetation 
variables may be due to the preference of different species for vegetation with a variety of 
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structural characteristics – reflecting food preferences (Buckingham et al., 2006) and may 
therefore have created an undetectable effect among the bird community in general.  
 
The strong negative relationship insectivorous birds have with vegetation height, vegetation 
heterogeneity and the percentage bare ground cover suggests that food accessibility may be 
more influential in determining habitat use than food abundance  (Butler & Gillings 
2004; Devereux et al. 2004; Atkinson et al., 2005). The negative relationship found for 
insectivorous birds between height and density diversity may indicate that in this scenario, 
foraging patch selection was linked to their repeatedly selecting homogenous habitat, for 
example birds may have consistently selected patches in more developed vegetation (e.g. 
Morris 2000). Alternatively, use of short swards may be necessary for insectivores to expose 
the presence of avian predators and allow access to invertebrate food (Moorcroft et al., 2002; 
Whittingham & Evans, 2004). This type of vigilance behaviour is employed by ground feeding 
birds, including yellowhammer, reed bunting, corn bunting and chaffinch and allows them to 
fly to cover to avoid predators (Moorcroft et al., 2002; Butler & Gillings, 2004). In a study that 
experimentally manipulated vegetation structure, chaffinches foraging in obstructed patches 
were 13% more vigilant than those foraging in open areas that provided a clear field of view 
(Whittingham et al., 2004). 
 
For the mixed diet group no significant relationship with any of the vegetation features under 
assessment was found, but they positively increased with invertebrate abundance in the 
margins. This may reflect the foraging strategies of the species recorded in these groups. For 
example, members of the mixed diet group tend to forage in open areas such as grassland and 
cereal fields (e.g. yellowhammer), whereas insectivores are more likely to forage in enclosed 
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habitats such as hedgerows (e.g. tits foraging for caterpillar larvae) or via aerial feeding (e.g. 
aerial feeding swallows). 
 
2.5. Conclusion 
Developing comprehensive plans for sympathetic margin habitat management for birds is liable 
to be problematic due to the complicated relationship between birds and invertebrate food 
supplies in arable margins (and accessibility to them). The creation of diverse (in terms of 
composition and structure) swards supporting varied, abundant chick food communities result 
in optimum foraging environments for birds but prey accessibility is a key issue. Experimental 
studies that manipulate grass margin microstructure and species composition, while linking 
foraging behavior and chick fledging success for a range of species, are much needed. Some 
of this was been done in the SAFFI project by Clarke et al., (2007) and through a species 
specific study on yellowhammer by Douglas et al., (2009), but work on a wider range of species 
is still required.   
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Chapter 3 
How must Environmental 
Stewardships evolve to meet the 
needs of widespread farmland birds? 
A case study of the yellowhammer. 
 
3.1. Introduction 
Environmental Stewardship (ES), England’s second generation agri-envrionment schemes 
(AES), was introduced in 2005. One of their main aims was to tackle decreasing farmland 
biodiversity stemming from agricultural intensification (Donald et al., 2001). ES provides 
funding for farmers and landowners undertaking ‘environmentally-friendly’ farming measures 
through targeted conservation and sustainable practices (Natural England, 2013a, 2013b). ES 
are funded through the European Union’s (EU) Common Agricultural Policy (CAP). The CAP 
is currently split between Pillar 1 (direct payments per-hectare) and Pillar 2 (rural development, 
including ES) payments, which respectively make up 31% and 11% of the total EU budget 
(DEFRA, 2013a). Given this large financial investment, it is vital that the CAP meets its 
biodiversity objectives of addressing the global biodiversity crisis through conserving and 
restoring nature (ALTER-Net, 2015).  
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Farmland bird populations are good indicators of the overall health of farmland habitat at a 
national scale as they sit near the top of the food chain, occupy a variety of habitat and food 
niches, and are easily and readily monitored. Consequently, population growth is typically 
linked to biodiversity function further down this chain, as has been found for grey partridge 
Perdix perdix (Aebischer & Ewald, 2012; Potts, 2012) and is likely to hold true for many other 
farmland-dependent species (Benton et al., 2002). The widespread declines of European 
farmland bird populations have therefore been a primary concern in relation to farmland 
biodiversity health. Despite over 20 years of AES across Europe, the European Farmland Bird 
Index (FaBI; an ‘impact’ indicator for the success of AES at an EU scale) continues to fall 
(Birdlife International, 2012). This is echoed in the United Kingdom’s (UK) FaBI (an indicator 
of the general quality of farmland in the UK), where the speed of decline has slowed, but 
population levels are still falling nonetheless (DEFRA, 2013b).  
 
The UK’s FaBI represents 19 species that were once more common and widespread, including 
grey partridge, northern lapwing Vanellus vanellus, yellowhammer Emberiza citrinella and 
Eurasian skylark Alauda arvensis, and which may therefore require large-scale intervention.  
Most comprehensive evidence for the positive effects of AES comes from particularly well-
studied, range or habitat-restricted species such as cirl bunting Emberiza cirius and corn 
bunting Emberiza calandra (Brickle et al., 2000; Peach et al., 2001; Setchfield et al., 2012), 
but can be achieved with more wide-spread species such as the lapwing, common reed bunting 
Emberiza schoeniclus and skylark (Baker et al., 2012; Bright et al., 2015). In specific areas, a 
thorough understanding of the declines of these particular species allowed the formulation and 
implementation of further targeted measures in addition to standard AES habitats. Most 
widespread species such as lapwing have yet to see similar recoveries and there is mixed 
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evidence that AES have significant benefits for these farmland birds (Bradbury & Allen 2003; 
Vickery et al., 2004; Evans & Green, 2007; Davey et al., 2010a, 2010b). This suggests that the 
policy has not been as effective as expected for these species, raising the question, why not? 
 
ES habitats aim to meet the over-winter seed food, spring-summer invertebrate food and 
nesting requirements of declining species, however, a number of potential problems have been 
highlighted. Firstly, is the quantity of specific ES habitats sufficient? Existing evidence 
indicates that on farms where the total area of land removed from production falls below <5%, 
significantly fewer farmland birds were supported than on farmland where the recommended 
areas of >10% un-cropped land was present (Henderson et al., 2012). Secondly, the type of 
habitats selected in Entry Level Stewardship (ELS) may not deliver the appropriate or sufficient 
resources, or one essential component may be missing. This occurs because habitats are chosen 
voluntarily by farmers, therefore more valuable habitats (e.g. wildflower margins or lapwing 
plots) often have lower levels of uptake due to the effort involved in their creation, their 
expense or the disruption they cause to farmers’ normal husbandry practices (Boatman, 2013). 
This is often exacerbated by poor habitat quality (Vickery et al., 2004; Davey et al., 2010a, 
2010b) and uneven spatial and temporal habitat distribution. Appropriate placement of ES 
habitats is key to successful delivery; inappropriate habitat distribution may include placement 
of fallow plots near woodland and over 2km from grassland (Chamberlain et al., 2009; 
Siriwardena, 2010), or placement of invertebrate rich foraging habitat at a distance from 
suitable nesting habitat. It is also possible that there has simply not been enough time to elicit 
bird populations responses to these habitats on a landscape scale (Davey et al., 2010a). 
 
This chapter highlights potential problems with the delivery of ES habitats in terms of their 
placement and asks how ES must evolve to address the requirements of widespread farmland 
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birds. The yellowhammer was chosen as the focal species, as an example of a farmland bird 
species that is still widespread, but in decline (Hayhow et al., 2014). Since the 1970s, the 
yellowhammer has declined by over 56% in Great Britain (British Trust for Ornithology, 
2015a). After 2010 ‘UK Biodiversity Action Plan’ (UK BAP) was replaced by individual 
country biodiversity strategies, Biodiversity 2020 in England which identifies the 
yellowhammer as a Section 41 priority species (DEFRA, 2011). The Pan-European Common 
Bird Monitoring Scheme has shown that the population has also undergone moderate declines 
on a European scale since 1980 (Birdlife International, 2014).  
 
Here I use a two-year observational study to investigate determinants of yellowhammer 
territory distribution. The central question is whether yellowhammer territory occupation is 
influenced by the proportion of ES foraging habitats present within a distance to which 
provisioning birds travel on foraging trips.  A range of other models will, however, be explored 
to control for other factors that are likely to affect territory location. It is essential to consider 
these alternative factors due to the potential importance of co-ordinating ES foraging habitat 
placement with key territory settlement features. Factors considered in these models include 
broad landscape features (e.g. woodland, arable crops, urban areas), fine-scale landscape 
features (e.g. crop types), territory quality measurements (measured by the abundance of chick 
food resources), the presence of permanent and annual habitats, and environmental diversity 
(measured by Simpsons Diversity Index). 
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3.2. Methods  
3.2.1. Study sites  
The study was conducted during the summers of 2012 and 2013 on 21 lowland arable farms in 
Hampshire, Wiltshire and Dorset (Figure 3.1). These areas have been given a high priority 
status for farmland bird conservation via ELS by Natural England (Natural England, 2013a). 
All sites were mixed farmland. Land-use comprised a combination of permanent pasture and 
arable crops (cereals: barley Triticum spp., and wheat Hordeum spp.; broadleaf crops: oilseed 
rape Brassica napus spp. and linseed Linum usitatissium with smaller areas of maize Zea mays, 
pea Pisum sativum, poppy Papaveraceae spp., lavender Lavandula spp. and oat  Avena spp).  
 
 
Figure 3.1. Map showing study farm locations in South-West England. 
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On each site, continuous 4 km survey transects were selected. These were placed along field 
boundaries as these provide nesting habitat for breeding yellowhammer. Buffer zones 
encompassing land within 100 m of the transect line were applied to account for the average 
distances yellowhammer are known to forage when breeding (Stoate et al., 1998; Whittingham 
et al., 2005). Transects were separated from all other transects by a minimum distance of 1 km. 
Instances where transects ran parallel to themselves were avoided wherever possible to reduce 
the risk of double counting birds, however on a number of sites’ transect shape was constrained 
by the farm boundary. Despite this, no part of any transect ran parallel to another part less than 
200 m away, meaning that on no site did the average yellowhammer foraging range overlap 
with another section of the transect. 
 
3.2.2. Yellowhammer territory mapping 
 Standard territory mapping techniques were employed during surveys (Bibby et al., 2000). 
This well-established method is appropriate for surveying yellowhammer breeding 
distribution, as they are sedentary during this period and inhabit small, well-defined territories. 
Territory mapping involved the use of standard British Trust for Ornithology (BTO) activity 
codes to record bird-breeding behaviours (e.g. pair formation, male singing). Multiple visits to 
transects reveal the likely territory locations following multiple sightings (Marchant, 1983; 
Bradbury & Stoate, 2000; Morris et al., 2005). Repeated visits are necessary to distinguish 
between true and false absences, along with reducing the likelihood of double-counting 
territories, thereby improving territory count accuracy. 
 
Yellowhammers were located using ×10 binoculars and were recorded on a detailed site map, 
using the protocol outlined by Bibby et al., (2000):  
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 Surveys were conducted three times on each site between early-May and mid-
July to encompass the peak breeding season. Three visits had been 
recommended by other yellowhammer studies (e.g. Whittingham et al., 2005), 
although increasing the visitation rate may have allowed single sightings to be 
allocated to additional territories.   
 There was always a minimum of two weeks between surveys on each transect.  
 Mapping was carried out between 06:00 and 12:00 to correspond with bird 
activity peaks.  
 Still mornings with light or no rain and calm or light winds (<4 on the Beaufort 
scale) were necessary when mapping as birds are harder to locate by sight and 
sound in wet or windy conditions in addition these adverse conditions will 
reduce bird activity.  
 The direction in which the survey route was walked was altered between visits 
to reduce time of day bias. 
3.2.3. Habitat mapping and data extraction 
The study sites were digitally mapped using ArcGIS (version 10.2.1; ERSI, 2014). Habitat 
categories within the study areas were identified and the area covered by each habitat type was 
extracted at three different scales (details of habitat groupings are included in Table 3.1): 
1) Broad-scale habitat. Habitats defined under this category were used during analysis focused 
on broad landscape-scale habitat type’s e.g. urban land, arable land.  
2) Fine-scale habitat. Habitats fulfilling similar ecological roles were grouped to maximise 
statistical power. For example, ES options were divided into permanent and annual habitats, 
permanent habitats are present when nest sites are selected whilst annual habitats such annual 
WBS strips may not yet be fully developed. Arable habitats were divided between cereal and 
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floral crops, as previous studies have shown that cereal crop presence relates to yellowhammer 
territory occupation in farmland (Kyrkos et al., 1998; Whittingham et al., 2005). This 
information was used for analysis relating to fine-scale habitat use. 
3) Component habitat. This represents the scale at which insect samples were taken from ES 
option habitats and arable habitats (see section 3.2.4). ES component habitats of interest to 
this study were identified based on habitats listed as important to farmland birds in the FBP, 
in addition to evidence from a literature search (Kyrkos et al., 1998; Stoate et al., 1998; 
Bradbury & Stoate, 2000; Stoate & Szczur, 2001a; Perkins et al., 2002; Whittingham et al., 
2005; Baker et al., 2012) . 
 
Table 3. 1. Broad-scale habitat categories, fine-scale habitat categories and component 
habitat categories chosen for digitally mapping farmland. 
Broad-scale habitat  Fine-scale habitat  Component habitat 
ES options Permanent Pollen and nectar (EF4, 
HF4), wildflower margin 
(HE10), grass margin (EE3, 
HE3), beetle bank (EF7, 
HF7), field corners (EF1, 
HF1) 
 Annual Wild bird mix (EF2, HF2) 
Urban - Road, track, building, 
garden 
Arable Cereal Wheat, barley, maize, oats 
 Floral Oilseed Rape, linseed, peas, 
poppies. 
Woodland -  Deciduous, coniferous 
Grassland - Permanent pasture, rough 
grazing, meadow 
Other Other All other habitat types 
including hedgerow, verges, 
grass tracks 
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Confirmed yellowhammer territories were added to the digital maps, and buffers of 100 m were 
placed around territory centres to show average flight distances (Stoate et al., 1998; Perkins et 
al., 2002). Random points along the 4 km transect were also selected; each random point was 
given a 100 m wide buffer zone. This allowed statistical comparison of characteristics of 
occupied territories with characteristics expected under the null model (random territory 
selection). A maximum of 20 random points were assigned to each transect, this number was 
chosen as this was the maximum number of sites that could be examined within the time 
available. Random points were selected by dividing each 4 km transect into 20 continuous 
segments of 200 m in length; these sections were further subdivided into five 40 m sections. 
Subdivisions corresponded to a number, and a random number generator written in R (version 
3.0.2; R core development team, 2014) was used to select survey points within the 200m 
segment. When the buffer of a random point overlapped with the buffer of a territory or 
alternative random point by more than 10% it was excluded from analysis. This ensured that 
extracted habitat data for occupied and unoccupied points was independent. From transect 
maps the total area (m2) of each component habitat within 100 m of territory and random points 
were extracted using ArcGIS V10.2.1.  
 
3.2.4. Invertebrate abundance data 
Invertebrates were sampled in the buffer zones of each transect between the 24th June and 10th 
July 2012 and 2013 and were taken from each ES option and arable component habitat listed 
in Table 3.1. Where more than one replicate of these component habitats was available within 
a transect buffer, one was chosen at random. Each replicate of component habitats were given 
a unique number, and a random number generator was used to select one field of each habitat 
in each transect for sampling.  
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Samples were taken using a Vortis Suction Sampler (Burkard Manufacturing Co. Ltd.) with a 
suction area of approximately 0.08m2. Three samples were taken from each component habitat 
at 20 m intervals this sampling regime was chosen due to a combination of time and weather 
constraints. Each of these three samples was made up of 5 sucks lasting 25 seconds each, 
therefore covering a total area of 0.4 m2 (J.Holland, pers comm). On margin habitats the 
samples were taken along the central line of the habitat, whereas within crops suction samples 
were taken adjacent to the first tramline (approximately 10 m). Crops were sampled at this 
distance for ease, but this also represents the way birds are most likely to access insects in crops 
(i.e. traveling the shortest distance in search of food). Samples were stored in labelled plastic 
bags, which were frozen on the day of sampling and subsequently sorted (removal of plant 
debris), identified and preserved in alcohol.  
 
All invertebrates >2 mm in length were identified, as smaller species will be avoided by adults 
foraging for chick food (Westbury et al., 2011). Samples were sorted according to the 
Yellowhammer Chick Food Index (YHI; Hart et al., 2006) with the aid of a field guide 
(Chinnery, 1993). The YHI was calculated based upon the abundance of species recorded in 
yellowhammer chick diet (Hart et al., 2006). This study took place on a lowland arable farm in 
North Yorkshire and identified Araneae, Diptera (Tipulidae), Coleoptera, Hemiptera (Sub-
order Heteroptera), Hemiptera (Sub-order Homoptera) and Lepidoptera larvae as important 
elements in their diet.  
 
The abundance of invertebrate species included in the YHI was calculated from sample points 
within 100 m buffer zones of occupied and unoccupied sites. This measure of insect food 
density was calculated by multiplying the area of each arable and AES component habitat type 
(extracted using ArcGIS) by the YHI per square metre of that habitat. 
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3.2.5. Transect-boundary assessment 
Once yellowhammer territories had been resolved, data on permanent field boundary features 
along transects was collected. Boundary width, height, the presence/absence of songposts and 
whether the hedge had been cut before the breeding season began was recorded. Measurements 
of hedge height and width were recorded to the nearest 0.25 m and width measurements were 
taken 1 m above the hedge base. Each of these measurements was taken at the territory/random 
point and 15 m either side of this point to account for potential nest site locations along the 
boundary (Fergusen-Lees, 2011). Mean values were taken from these measurements for use in 
analysis. Boundary types were classified as hedge, shrubby with trees, woodland or fence using 
the DEFRA ‘Key to Hedgerow Types’ (DEFRA, 2007). Where more than one boundary 
category was present over a 30 m section the category representing the greatest proportion of 
the section was used in analysis. The presence or absence of a ditch along the 30 m boundary 
section was also recorded. 
 
3.2.6. Environmental Diversity Index 
Habitat heterogeneity within the average (100 m) foraging ranges of random and occupied sites 
was also investigated. In other studies habitat heterogeneity has been an important factor in 
determining farmland bird distribution (Benton et al., 2003). For the current study Simpson’s 
diversity index (1-λ) or (1-D) was chosen for calculations of environmental diversity within 
the 100 m buffer zone. 
 
3.2.7. Data analysis 
The protocol outlined by (Zuur et al., 2010) was followed for data exploration. Cleveland 
dotplots were produced to highlight outliers in the covariates. Dotplots were also used together 
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with histograms to determine whether transformation of covariates were necessary.  
Collinearity between covariates was evaluated using Pearson correlation coefficients with 
multi-panel scatter plots displaying both linear and non-linear relationships between covariates.  
All variables under investigation are described in Table 3.2. 
 
Data exploration indicated that no outliers were present in the variables. Pearson’s correlation 
coefficient between covariates showed that hedge height and hedge width were correlated, high 
correlation values were also noted for ditch depth and ditch width. It was therefore decided that 
hedge height and ditch depth would be excluded from analysis. All other covariates had a 
Pearsons correlation value of less than 0.52 indicating low correlation.  
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Table 3. 2. Summary of covariates with descriptions. Habitat area, invertebrate 
abundance and environmental diversity index were calculated at within 100m (average 
foraging range) of transects. Component habitat types of habitat area are listed in 
italics. 
 
 
Variable Description Type 
Yellowhammer Presence/absence on transect 
point 
Response variable 
(binary)  
Habitat area  Proportion of each habitat type 
present around territory centre.  
Cereal, broadleaf, environmental 
stewardship (ES), urban, 
woodland, grassland, wheat, 
oilseed rape, barley, permanent 
ES, annual ES 
Continuous  
Boundary type Boundary habitat present within 
15m of territory/random point. 
(H=Hedge, F=Fence, 
SWT=Shrubby with trees, 
W=Woodland edge). Classified 
using the DEFRA Key to 
Hedgerow Types (DEFRA, 2007) 
Categorical  
Boundary width Width of boundary, recorded to 
nearest 0.5m. Taken at 1m from 
the hedge base. 
Continuous  
Ditch  Presence/Absence Is a ditch present within 30m of 
territory/random point?  
Categorical  
Ditch width Width of ditch, recorded to 
nearest 0.5m. 
Continuous 
Songpost Presence/Absence Is a ditch present within 30m of 
territory/random point?  
Categorical 
Hedge Cut Has the boundary habitat been cut 
before the beginning of the 
breeding season?  
Categorical  
Environmental diversity 
index 
A measure of habitat 
heterogeneity within territories. 
Continuous  
Invertebrate abundance  
 
Total abundance of YHI species 
within territories and random 
sites. 
Continuous  
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Habitat coverage data were ArcSine square root transformed while data relating to hedge width, 
ditch width and invertebrate abundance was log transformed in order to normalise their 
distribution for analysis.  
 
Statistical analysis was conducted in R (R Core Development Team, 2014). In order to 
determine what habitat characteristics are typical of territory sites a variety of conceivable 
ecological models were built (Table 3.3). In these models randomly selected sites were 
compared to territory sites using a Generalized Linear Mixed Effects Model (GLMM) with a 
binomial error distribution and logit link function. GLMMs were constructed using the 
GLMER function within the LME4 package (Bates et al., 2015). The error variances associated 
with each farm and each year were specified as random effects and were included in all models. 
An Information Theory  approach was used to compare these models in an effort to find the 
optimal set of factors that explain yellowhammer territory distribution (Burnham & Anderson, 
2002).  
 
Following this analysis a GLMM was fitted in order to determine whether the total number of 
invertebrates sampled (via suction sampling) differed in the pooled component habitat 
categories under investigation. Overdispersion was evident in a poisson error distributed 
model therefore an invertebrate abundance GLMM with a negative binomial error structure 
and a log link function with the Laplace approximation was used for analyses. 
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 Table 3. 3. Details of covariates included in each model that was applied.  ✓indicates 
the covariates presence as an additive variable while * indicates covariate interaction 
terms.   
 Model abbreviations. 0 – Null model, A- ES cover model, B – Invertebrate abundance 
model, C – Environmental Diversity Index Model (EDI), D -  ES permanent & annual habitat 
model, E – ES-Invertebrate abundance model, F – ES permanent & annual – Invertebrate 
abundance model, G – ES-EDI-Invertebrate abundance model, H – Crop- ES permanent & 
annual, I – Broad land cover model, J – Nest habitat model, K – Permanent habitat model, L 
– Broad scale crop-ES interaction model, M – Fine scale crop-ES interaction model. 
 
 0 A B C D E F G H I J K L M 
Cereal          ✓   ✓  
Broadleaf          ✓   ✓  
ES  ✓    ✓  ✓  ✓     
Urban          ✓  ✓   
Woodland          ✓  ✓   
Grassland          ✓  ✓   
Wheat         ✓     ✓ 
OSR         ✓     ✓ 
Barley         ✓     ✓ 
Permanent ES     ✓  ✓  ✓   ✓ * * 
Annual ES     ✓  ✓  ✓    * * 
Hedge type           ✓ ✓   
Hedge width           ✓ ✓   
Ditch P/A           ✓ ✓   
Ditch width           ✓ ✓   
Songposts P/A           ✓ ✓   
Hedge Cut           ✓ ✓   
Environmental diversity index    ✓    ✓       
Invertebrate abundance   ✓   ✓ ✓ ✓       
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3.3. Results 
Over two field seasons 131 yellowhammer territories and 169 random locations were surveyed 
across the 84 km of boundary habitat surveyed.  
 
The highest Akaike weight related to the permanent habitat model (model K) which had a value 
of 0.945, followed by the nesting habitat model (model J) which was valued 0.055. All other 
alternative models received an Akaike weight of 0. An Akaike weight of 1 signifies that a 
model is supported unequivocally over the other candidates. Consequently this indicates that if 
sampling was increased, then in 94.5% of the instances the permanent habitat model (model 
K) is the best model and in 5.5% of cases models the nesting habitat model (model J) is the 
best model (Table 3.4).  The permanent habitat model was chosen for further discussion as it 
represents the majority of variation in yellowhammer territory choice (Table 3.5; Figure 3.2). 
In terms of territory selection by yellowhammer, this model showed that nesting habitats 
including hedge type, songpost presence, woodland absence and hedge cutting were important. 
Urban, grassland and ES permanent habitat area along with ditch presence and width showed 
no significant associations with yellowhammer territory occupation. 
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Table 3. 4. Comparison of alternative models with details of the degrees of freedom 
(DF), AIC values, differences in AIC values and Akaike weights for all models. 
Model DF AIC AIC differences Akaike weights 
K 14 339.398         0.000      0.945 
J 10 345.071          5.673         0.055 
I 9 376.223          36.825          0.000 
L 8 389.812         50.414         0.000 
H 8 394.446          55.047         0.000 
M 9 395.981          56.582        0.000 
C 4 396.091 56.693         0.000 
G 6 397.153 57.755 0.000 
F 6 401.134 61.735         0.000 
B 4 403.872         64.474          0.000 
0  3 404.753           65.354          0.000 
D 5 404.828            65.430         0.000 
E 5 405.063           65.664        0.000 
A 4 406.326 66.927         0.000 
Model abbreviations. 0 – Null model, A- ES cover model, B – Invertebrate abundance model, 
C – Environmental Diversity Index Model (EDI), D -  ES permanent & annual habitat model, 
E – ES-Invertebrate abundance model, F – ES permanent & annual – Invertebrate abundance 
model, G – ES-EDI-Invertebrate abundance model, H – Crop- ES permanent & annual, I – 
Broad land cover model, J – Nest habitat model, K – Permanent habitat model, L – Broad 
scale crop-ES interaction model, M – Fine scale crop-ES interaction model. 
 
 
Table 3. 5. Results of GLMM for the effect of permanent habitat features, this was the 
most optimum model with an Akaike weight of 0.945. Hedge type – H=Hedge, F=Fence, 
SWT=Shrubby with trees, W=Woodland edge 
Fixed Effect Estimate ± S.E Z value P 
Intercept -1.005 ± 0.572 -1.755   0.079 
Urban -1.559 ± 1.115 -1.399   0.162 
Woodland -2.683 ± 0.852 -3.150 <0.005 
Grassland -0.334 ± 0.506 -0.660   0.509 
ES permanent  1.825 ± 1.339  1.363   0.173 
Hedge (F) -1.949 ± 1.116 -2.351   0.081 
Hedge (SWT) -0.836 ± 0.356 -2.351 <0.05 
Hedge (W) -1.839 ± 0.658 -2.794 <0.005 
Ditch presence  0.054 ± 0.424  0.127   0.899 
Ditch width  0.308 ± 0.385  0.800   0.424 
Songpost (Presence)  1.182 ± 0.335  3.524 <0.001 
Cut (Yes)  1.045 ± 0.344  3.037 <0.005 
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Figure 3. 2. Yellowhammer territory occurrence relative to four significant variables 
(Table 3.5): a) area of woodland, b) Hedge type, c) Songpost occurance and d)Hedge 
cutting. For each covariate displayed probabilities are adjusted relative to the effects of 
the other variables modelled. The vertical axis is labelled on the probability scale & a 
95% confidence interval is drawn around the estimated effect. 
 
 
The GLMM of total YHI abundance versus habitat types revealed significant negative 
associations with annual AES, cereal crop and floral crop when compared to permanent AES 
(Figure 3.3). 
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Figure 3. 3. Number of YHI (mean ± SE) in Vortis samples compared by habitat type. 
The mean and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant difference from permanent AES:  
***<0.001. 
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3.4. Discussion 
Model comparison revealed that yellowhammer territory selection was predominantly 
associated with permanent habitats and features present prior to breeding (e.g. songposts, 
boundary type, hedge cutting) territories were also negatively related to woodland whilst 
models that included variables relating to broad landscape features, chick food abundance 
and environmental diversity were shown to have little weight on territory establishment. 
Yellowhammer territories were positively associated with permanent habitat types suggesting 
that the presence of nesting habitat has a role in yellowhammer territory distribution. The 
proximity of yellowhammer nesting habitat to permanent ES over the breeding period may be 
important due to the high YHI recorded in this habitat. For yellowhammer increased 
predation risk relates to chick food availability, when food is scare during the breeding 
season, yellowhammer take more risks when foraging for chick food (Dunn et al. 2010b). 
 
The variable “Hedge Type” showed significant associations with territory location and points 
to hedgerow availability as an important factor in determining territory location. Farmland bird 
populations are not believed to be limited by the availability of hedgerows (Siriwardena et al., 
2000b), but Burgess et al. (2014) have suggested that at a territory scale this may become 
important. Territories showed strong negative relationships with both “Woodland Edges” and 
“Shrubby with Trees” habitats when compared with “Hedge” habitats. In addition to avoiding 
woodland edges, yellowhammers were found to avoid large areas of woodland. These results 
are largely in agreement with earlier studies that describe yellowhammer nesting associations, 
with hedges being preferred over tree lines, lone bushes or woodland edges (Green et al., 1994; 
Parish et al., 1995; Kyrkos et al., 1998; Bradbury et al., 2000). The classification of 'Hedge' 
was however perhaps too general. More precise factors, such as density and vegetation 
composition, influence the uses of these habitat types as suitable nesting sites; the use of 
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broader classifications may have obscured this. Therefore further work should focus on the 
species and hedgerow characteristics important to breeding yellowhammer. 
 
The presence of isolated trees also predicted yellowhammer territory occupation. Songpost 
presence may simply improve their detection probability but repeated site visits aimed to 
reduce any potential bias. It is likely that this was highlighted as male yellowhammer often 
perch and sing from songposts during the breeding season when attracting a mate (Cramp & 
Perrins, 1994; Whittingham et al., 2005; British Trust for Ornithology, 2014). It is imperative, 
however, to note the possible trade-off associated with songpost presence: they may also act as 
perching posts for avian predators, a factor that may lead to increased predation to other 
passerine species, and to yellowhammer. Berg (1993) showed that lapwing chick survival was 
higher at nests >50m away from trees and perches suitable for corvids.  
 
Yellowhammer also had a strong preference for hedges that had been cut prior to the breeding 
season. The timing of hedge cutting is, however, an important factor to bear in mind. 
Yellowhammer often breed up until the end of August and hedgerows under ES cannot be cut 
until the end of the breeding season, but non-ES hedgerows that are cut earlier can be linked to 
nest destruction. This may result in chick injury or mortality, which constitute as offences under 
the Wildlife & Countryside Act (1981). There may be several explanations for the apparent 
association of yellowhammer with cut boundary habitat. Firstly, cut hedges are denser and the 
interlinked branches provide small birds with greater safety from predators when nesting or 
roosting (Hedgelink, 2014). Secondly, yellowhammers may prefer the flat platform that cut 
hedges provide as they emphasise the presence of nearby songposts, making them more visible 
when calling for a potential mate. Thirdly, comparison of cut and uncut hedges may introduce 
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bias into observations as yellowhammer on cut hedges may be more visible. The conspicuous 
song of this species and repeated site visits should reduce this potential bias. 
 
The area of permanent ES habitat did not differ significantly between occupied and unoccupied 
territories. This variable represents grassy ES habitats that are present prior to, and during 
yellowhammer breeding. Permanent ES had the highest YHI, a finding that is supported by 
Morris et al., (2001) and Perkins et al., (2002). In order to confirm their value during the 
breeding season, foraging observations from the nest (e.g. Stoate et al., 1998) might have 
provided evidence for preferential use of AES habitat when feeding. Due to time and weather 
limitations during this project, however, this was not possible.  
 
Annual ES habitat areas within average foraging flight distances did not feature in the 
permanent habitat model. The annual habitats (wild bird seed mixture and overwintered 
stubbles) would have provided seed food over the winter and have previously been linked with 
higher breeding densities of granivorous birds that preferentially forage in regions of high seed 
density (Robinson et al., 2002; Whittingham et al., 2005). Wild bird seed mixtures have also 
been shown to contain high densities of chick food insects (Holland et al., 2014).  At the time 
of insect sampling, however, invertebrate abundance within annual habitats was significantly 
lower than in the other habitat types under investigation, suggesting annual habitats may only 
offer chick food in high-densities later in the breeding season when they have had some time 
to develop. 
 
A number of studies have shown that during the breeding season yellowhammer forage 
preferentially in insect-rich habitats (Stoate et al., 1998; Morris et al., 2001). In this study, 
however, insect abundance was not present in the top model. However there may be several 
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reasons why this variable did not explaining territory occupation: 1) a relatively small sample 
size was used to calculate the YHI, which was then extrapolated across all examples of that 
habitat type in the transect buffer. This assumes that the YHI is essentially uniform across a 
habitat on a farm. A finer scale approach may have been more appropriate; 2) individual 
invertebrate-rich habitat types may be more important than having an overall high invertebrate 
value within a territory; 3) territory site selection may take place before chick food availability 
is known to adults. 
 
The comparative impact of foraging and nesting habitat on breeding site choice is difficult to 
study as these elements operate on very different spatial scales and are often hard to separate.  
For lapwing it is thought that they identify nesting sites after selecting territories where suitable 
foraging habitat is present (Berg et al., 1992; Berg, 1993). This could also be the case for 
yellowhammer and has been suggested by Dunn et al., (2010a). This scenario may result in the 
use of nesting habitat that is sub-standard, possibly decreasing reproductive success through 
predation of broods (Evans, 2004). This chapter, however, shows that the reverse may be true; 
that yellowhammer first seek out territories containing appropriate nesting sites and later 
colonise parts of this habitat where foraging resources are plentiful or where seed resources 
were plentiful the previous winter, a case that has also been argued by Whittingham et al., 
(2009). Nesting in areas with insufficient chick food supplies may result in poor chick condition 
and/or lower productivity (Brickle & Harper, 2000) and requires further investigation.  
 
3.5. Conclusion 
Yellowhammer territory distribution was strongly related to the presence of suitable nesting 
habitat. Boundary type, number of songposts present, hedgerow cutting and the absence of 
woodland habitat were highlighted as important factors in the permanent habitat model. It is 
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highly unlikely that yellowhammer can envisage what chick foraging habitat will be available 
by the time they start breeding, so instead territory selection is almost certainly based on the 
suitability of the nest site. These results suggest that conservationists aiming to conserve 
resident sedentary farmland birds including yellowhammer should consider the quantity and 
positioning of preferential nesting features if they are aiming to support more breeding birds 
during the summer and increase opportunities for them to exploit an insect-rich foraging 
habitat.  
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Chapter 4 
Is tree sparrow nestling diet 
influenced by the presence of AES 
habitats? 
 
4.1. Introduction 
The tree sparrow Passer montanus is a farmland passerine that has a wide range throughout 
Eurasia (Birdlife International, 2014). In some parts of its breeding range, however, 
populations have declined dramatically. In the United Kingdom (UK) over a 31 year period 
(between 1967 and 2008) tree sparrows have suffered a decline of over 97% (British Trust for 
Ornithology, 2015b), resulting in its listing as a Biodiversity Action Plan (BAP) species and 
red listed as a UK Bird of Conservation Concern (Hayhow et al., 2014). 
 
The intensification of agriculture has been implicated as a major factor influencing the decline 
of this mixed diet species (dependent on grain and wild plant seed throughout their life cycle 
and invertebrate food only while rearing young). Across the UK and Europe farmland 
invertebrate populations have decreased due to the increased use of pesticides and herbicides 
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along with a decrease in the proportion of non-cropped areas available to foraging birds (Stoate 
et al., 2001). These declines have affected habitat specialists that reside on farmland in 
particular e.g. grey partridge (Potts et al., 2012)  Insect taxa are an essential protein source for 
tree sparrow chicks and a shortfall in their availability will directly affect chick growth and 
development along with increasing their risk of hypothermia (Potts, 2012). Reductions in 
invertebrate food provisions over the breeding period have been pointed to as a key element in 
the decline of a number of other mixed diet farmland passerines (Benton, 2002; Potts, 2012).   
 
Agri-environment schemes (AES) comprise a suite of prescriptive management strategies that 
are employed across Europe to, in part, alleviate biodiversity problems related to agricultural 
intensification (Kleijn & Sutherland 2003). The English AES, Environmental Stewardship (ES) 
offered several habitat options that should boost tree sparrow chick food availability, including 
ungrazed grass margins and field corners (Vickery et al. 2002).  In contrast, the value of an ES 
wild bird seed (WBS) option to breeding tree sparrow is currently the subject of debate. WBS 
is designed as a seed-rich food resource for granivorous birds in winter. Holland et al. (2014) 
showed that at a plot scale this habitat can also provide high levels of chick food for breeding 
farmland birds, however this calculation included some invertebrate groups that are uncommon 
in the diet of tree sparrow nestlings  e.g. Nuroptera and Formicidae (Field  et al. 2008). More 
recently, Bright et al. (2015) reported regional scale declines in breeding densities of tree 
sparrow relative to the area of seed-rich habitat available, a finding consistent with Baker et al. 
(2012) who described a negative relationship between tree sparrow population growth and the 
area of WBS on mixed farmland. High concentrations of feeding birds leading to increased 
predation pressure was the suggested cause of this negative effect (Baker et al. 2012), but here 
we investigate an alternative mechanism for declining populations by relating nestling diet to 
the prevalence of this habitat. 
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The aim of this chapter was to define the dietary niche of tree sparrow nestlings and to 
investigate if the presence of key invertebrate food items or seed in their diet is influenced by 
the coverage of grass AES habitat (an aggregate group consisting of a number of structurally-
similar grassy habitats such as grass margins and wildflower margins) or annual WBS AES 
habitats on arable farmland. Habitat quality was then assessed based on the proportion of 
relevant invertebrate food resources available in different AES and crop habitats. Lastly I 
assessed the different methods of invertebrate sampling that were used, this was done  to 
examine potential sampling biases and as a means of identifying the best method of collecting 
tree sparrow chick food items. 
 
 The following predictions were tested: (1) The presence of key invertebrate food groups were 
expected to positively correlate with Grass AES coverage and (2) The presence of seed in faecal 
sacs were expected to positively correlate with WBS cover. (3) Tree sparrow chick food 
abundance was expected to be highest in grass AES habitats, (4) Invertebrate abundance was 
expected to differ depending on the sampling technique used, as the Vortis and sweep nets are 
designed to sample different niches within the vegetation (Randel et al., 2006). 
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4.2. Methods 
4.2.1. Study area  
The nest boxes used in this study form part of a 14 year conservation project run by the 
Wiltshire Ornithology Society (WOS), with the aim of increasing both the density and range 
of tree sparrow. Farmland sites were selected on the Marlborough and Pewsey Downs, an area 
that has been designated as high priority for Entry Level Stewardship (ELS) farmland bird 
conservation by Natural England (Table 4.1). I investigated whether tree sparrow chick diet 
changed relative to the coverage of two AES management types - grass AES and WBS - within 
the distance adults will fly from nest boxes when feeding chicks. Sites were mixed farmland 
with habitat types including permanent pasture (18 883.461±3116.256m2), arable crops (92 
654.1503±3028.375m2; barley, Triticum, wheat, Hordeum and oilseed rape, Brassica napus 
spp.)  along with small patches of woodland (1682.962±358.403m2). 
 
Table 4. 1. Location of the tree sparrow colonies where faecal sacs were collected and 
the size of each colony (recorded as the number of breeding pairs). 
Colony ID Grid reference Colony size 
1 411975,175027 6 
2 412702, 173812 6 
3 409277, 163769 10 
4 410324, 166347 2 
5 409760, 163312 11 
6 407334, 167897 7 
7 406141, 164534 2 
8 413759, 169020 1 
9 410313, 170545 5 
10 410871, 166769 3 
11 409057, 164232 4 
12 409774, 173576 3 
13 418129, 173434 8 
14 413069, 172059 3 
15 405511, 165515 3 
16 410055, 165922 7 
17 409277, 163769 6 
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4.2.2. Faecal analysis 
From mid-June – July 2013 all faecal samples produced by chicks during routine visits to nest 
boxes were collected. This totalled 83 faecal samples representing 41 broods from 17 colonies 
(see Appendix 5 for details of the sites and broods faecal sacs were collected from). Samples 
were stored in tubes and frozen before being processed for identification. Faecal analysis was 
used to define tree sparrow diet (Moreby, 1988). Sacs were washed with water through a 210um 
brass mesh sieve. Any large pieces of faecal matter were broken up by lightly pressing the 
sample. This process allowed uric acid to be removed along with fine organic matter which can 
cloud samples by concealing key items.  Sieved samples were then stored in alcohol and left to 
settle for at least 24 hours. Excess alcohol was removed using a glass dropper pipette; this 
prevented samples moving excessively during identification. Samples were evenly spread 
across a 90mm petri dish marked with a 10mm square grid. Each faecal sac was analysed 
separately using a binocular microscope at 100x magnification. The presence of seed and cereal 
husks in samples was also recorded and grouped under the category “seed”. 
 
One of the major limitations of faecal sac analysis is that soft bodied chick food items (e.g. 
Collembola) become digested or fragmented and are unrecognisable (Moreby and Stoate, 
2000). Higher proportions of hard fragments (e.g. mandibles and elytra) are identifiable in fecal 
sacs and can therefore be used in dietary reconstruction (Ralph et al., 1985; Shiel et al., 1997; 
Hitchcock, 2010). Therefore the central limitation of this investigation was the non-existence 
of species-specific correction factors for raw fragment counts.  Although correction factors 
have been established for common pheasants Phasianus colchicus, bobwhite quail and 
Northern lapwing Vanellus vanellus chicks (Butler, 2007; Hitchcock, 2010) between species 
differences in digestion rates mean that these correction factors may not be appropriate for 
other uninvestigated species (Hitchcock, 2010). Data on the percentage occurrence of key food 
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items were not analysed as no corrections factor specific to tree sparrow exist that account for 
the possible undercounting of soft bodied food items. Instead the presence or absence of 
invertebrate groups were used as response variables in analysis. 
 
4.2.3. Invertebrate Monitoring in Agricultural Habitats 
Between the 9th and 24th July 2013, two sweep samples were taken from each of the component 
habitats listed in Table 4.2, this was done over the same period as faecal sacs were collected. 
For the purpose of analysis these habitats were later grouped into six broader categories 
representing structurally or functionally similar habitat types.  Where more than one replicate 
of a component habitat was available to a colony the replicate to be sampled was randomly 
chosen using R. Random points within these habitats were chosen as sampling locations using 
ArcGIS. 
 
Sweep netting was used to take invertebrate samples as it is quick and samples are easy to 
process. Samples comprised ten 180 degree sweeps, covering a distance of approximately 10m.  
There are however, some limitations relating to this method including the variance in sampling 
efficiency relating to habitat type sampled and variation in the species recorded depending on 
their vertical distribution (Southwood, 1987). 
 
Table 4. 2. Habitat categories for sampling tree sparrow dietary items. 
 
 
 
 
 
Pooled habitat code Component habitat 
Winter Cereal Winter wheat, winter barley  
Pasture Permanent and temporary pasture 
Oilseed rape Oilseed rape 
Spring Cereal Spring barley 
Grass AES Grass margins, Enhanced wildflower margins, pollen and 
nectar mix, field corners. 
WBS Wild bird seed, enhanced wild bird seed. 
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Faecal analysis revealed that ground beetles also formed an important part of tree sparrow diet; 
the abundance of this group is often underestimated using sweep netting. Therefore the 
abundance of ground living insects was estimated for each habitat type using Vortis (Burkard 
Manufacturing Co. Ltd.) suction samples from three farms that were sampled for Chapter three, 
these farms were also common to this study (Table 4.3). The suction sampling method has been 
described in Chapter three, section 3.2.4. 
 
Table 4. 3. The total number of samples taken for each habitat type is outlined with the 
number of farms these samples represent displayed in brackets. 
Habitat Type Sweep Net Vortis 
Winter Cereal 44 (9) 12 (3) 
Pasture 31 (10) 9 (3) 
Oilseed rape 20 (5) 9 (3) 
Spring Cereal  16 (6) 3 (1) 
Grass AES 49 (8) 18 (3) 
WBS 14 (5) 6 (2) 
 
Both sweep net and Vortis suction samples were stored in plastic bags for freezing before being 
sorted for identification. Debris was removed from samples before storing them in 70% 
alcohol. All invertebrates >2mm long were identified to family level; smaller individuals were 
not identified as they do not constitute an important part of farmland bird diet (Westbury et al., 
2011).  
 
4.2.4. Foraging watches 
Part of the original scope of this study was to conduct foraging watches, in order to determine 
what habitats adults foraged in when feeding nestling. When conducting foraging watches, 
however, unmarked individuals are often difficult to identify as adults share nests with their 
partners and occasionally share boxes with other females. Therefore it cannot be assumed that 
the same bird is being watched within or between nesting attempts, however, attempts to colour 
ring birds during this study resulted in few resightings. In addition, topographic features 
                                                                                         Chapter 4. Trees sparrow nestling diet 
88 
 
frequently restricted observer line of vision during watches. Previous studies have 
recommended that two observers complete watches (Field et al., 2008). It was however not 
possible to conduct foraging watches with two observers for this study due to limited resources. 
 
4.2.5. Statistical analysis of faecal data 
The protocol outlined in Zuur at al.,  (2010) was followed for data exploration. The effect of 
farmland habitat types on sparrow nestling diet was assessed with Generalized Linear Mixed-
effects Models (GLMMs) using the package lme4 and language R, in R version 3.0.3 (Bates et 
al., 2015; R Core Development Team, 2014). We analysed how nestling diet relates to grass 
AES (mean ± SE= 1898.533±308.344 m2; range = 0-18 222 m2) and WBS (mean ± SE 
=1452.027±239.452 m2; range =0-5026.536 m2) habitat coverage within the average foraging 
range of an adult tree sparrow (200m; Summer-Smith, 1995). To account for effects of the 
geographic location of the farms, colonies within farms and the location of nest boxes within 
each colony were included in models as nested random effects.  
 
The response variables were: 1. Presence or absence of the following taxon groups Araneae, 
Carabidae, Coleoptera, Coleoptera larvae, Diptera, Lepidoptera larvae, Tipulidae, Gastropoda 
and Other in faecal sacs; 2. The presence/absence of seed in faecal sacs.  Farms, colonies 
within farms and a brood identification number were included in models as nested random 
effects. GLMMs were constructed with a binomial error distribution and logit link function. 
The package LMERConvenienceFunctions was used to check model assumptions (Tremblay 
2015). Covariates under investigation are described in Table 4.4. 
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4.2.6. Statistical analysis of Invertebrate data 
Data exploration followed the protocol in Zuur et al., (2010). For analysis of chick food 
preferences sweep net and Vortis data were modelled against pooled habitat categories 
separately (Table 4.2). The response variables were: 1. Counts of the following pooled taxon 
groups; Araneae, Carabidae, Coleoptera, Coleoptera larvae, Diptera, Lepidoptera larvae, 
Tipulidae, Gastropoda and other; 2. The total number of tree sparrow chick items; 3. The 
diversity of chick food types. The explanatory variable was site type, as explained above 
(4.2.1). Pooled taxon models were analysed using GLMMs with binomial distributions and a 
logit link function. Total food items and diversity models used a Poisson distribution with a 
log link function. Overdispersed data was analysed using the negative binomial distribution 
and a log link function. GLMMs included the nested random effect Farm/Colonies to account 
for any between Farms and Colonies differences caused by management. Graphs were 
produced using the back transformed estimates of mean and SE from these models.  
 
Where GLMMs failed to converge due to the complexity added by the nested random effects 
structure, Generalised Linear Models (GLM) were constructed (this was the case for both 
Tipulidae and Gastropoda models). Adding complexity to the model increases the probability 
of complete separation in the data because there are more possible combinations and a lower 
number of observations per combination. Using a GLM in place of a GLMM however, resulted 
in the loss of a variance component aspect of the model. GLMs were constructed using the 
GLMER function within the LME4 package in R (Bates et al., 2015). Overdispersed binomial 
GLMs were rebuilt using a quasibinomial distribution and logit link. The package 
LMERConvenienceFunctions was used to check model assumptions for all models (Tremblay, 
2015). Covariates under investigation are described in Table 4.4. 
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4.2.7. Comparison of sampling techniques 
Invertebrate sampling techniques were compared using negative binomial GLMMs to 
determine whether a difference exists between either the total number of invertebrates or the 
total number of tree sparrow chick food invertebrates sampled by the Vortis and by sweep 
netting. This was done in order to examine potential sampling biases and as a means of 
identifying the best method of collecting tree sparrow chick dietary items. 
 
Lastly GLMs were run in order to determine whether the proportion of key nestling food items 
were sampled in different proportions in sweep net and Vortis samples. Once again, the 
package LMERConvienceFunctions was used to check model assumptions (Trembaly, 2015). 
Covariates under investigation are described in Table 4.4.
                                                                                  Chapter 4. Trees sparrow nestling diet 
 
91 
 
Table 4. 4.  Summary of covariates with descriptions.  
 
*Faecal sacs are from different chicks within nests  
 
 
Variable Description Type 
Faecal fragments Presence/absence of each tree 
sparrow dietary invertebrate 
group per faecal sac* Araneae,  
Carabidae,, Coleoptera, 
Coleoptera larvae,  Diptera,  
Lepidoptera larvae Tipulidae, 
Gastropoda and Other 
Count  
Site type Site type was defined as either 
AES or Control depending on the 
presence or absence of AES 
habitat within the maximum tree 
sparrow foraging range of 200m. 
Categorical  
Farm Farm code. Categorical 
Colonies Colony code. Categorical  
Box ID Nest box identification number 
from which faecal sacs were taken 
Categorical  
Sweep invertebrates Number of each tree sparrow 
dietary group type present in 
sweep net samples.   
Coleoptera larvae, Carabidae, 
Tipulidae, Gastropoda, Araneae, 
Coleoptera, Diptera, Other and 
Lepidoptera larvae. 
Count  
Vortis invertebrates Number of each tree sparrow 
dietary group type present in 
Vortis samples.   
Coleoptera larvae, Carabidae, 
Tipulidae, Gastropoda, Araneae, 
Coleoptera, Diptera, Other and 
Lepidoptera larvae. 
Count 
Pooled habitat  Pooled habitat categories from 
which sweep and Vortis samples 
were taken.  
Winter Cereal, pasture, oilseed 
rape, spring cereal, grass AES, 
WBS 
Categorical  
  
 
4.3. Results 
4.3.1. Faecal sac composition 
All tree sparrow nestling faecal samples contained invertebrate remains, comprising Araneae 
7.45 ± 0.90% (mean  ± SE percentage of objects identified in individual faecal sacs)), Carabidae 
16.41 ± 1.54%, other adult Coleoptera (Cantharidae, Chrysomelidae, Coccinellidae, 
Curculionidae, Elateridae, Staphylinidea, Scarabidae) 15.32 ± 1.69%, Coleoptera larvae 14.19 
± 2.41%, Diptera 22.06 ± 1.60%, Lepidoptera Larvae 6.29 ± 1.46%, Tipulidae 11.27 ± 0.50% 
and other invertebrates (Acarina, Aphididae, Dermaptera, Gastropoda, Homoptera, 
Hymenoptera, Opiliones, unidentified Coleoptera) 7.01 ± 0.98%. Seed was present in 51% of 
faecal samples (n=83) and was fed to 78% of broods (n=41).  
 
 
4.3.2. Nestling diet and AES coverage  
Faecal sacs were more likely to contain seed where WBS coverage was high, but this variable 
showed no significant relationship with grass AES (Table 4.5). No correlations between the 
invertebrate taxa investigated and grass ES or WBS coverage were found (Table 4.5). It is 
important to consider that because this study involved multiple statistical tests, it is possible 
that some of the observed effects are type I errors. 
 
 
 
 
 
 
  
 
Table 4. 5 Results of GLMMs for the effect of Grass ES and WBS on Tree sparrow 
nestling diet. Models were run using binomial error distributions. Each dietary group 
was modelled separately. The estimated slope (± SE), Wald test statistic (z-value) and p-
value significance are given. Grass ES and WBS habitat coverage was arcsine square 
root transformed to normalise their distribution. N=83 for all GLMMs. 
Response Explanatory Estimate ± SE z-value p 
Araneae Intercept  1.26 ± 0.72      1.74   0.082 
 Grass ES -3.80 ± 3.13     -1.21   0.225 
 WBS  5.61 ± 3.56      1.57   0.116 
Carabidae Intercept  1.93 ± 0.71      2.71 <0.01 
 Grass ES -0.58 ± 3.12     -0.19    0.851 
 WBS -2.10 ± 3.14     -0.67    0.502 
Other Coleoptera  Intercept  1.12 ± 1.40      0.80    0.425 
adults Grass ES  3.01 ± 4.67      0.65    0.519 
 WBS -1.69 ± 8.12     -0.21    0.835 
Coleoptera larvae Intercept -1.35 ± 1.42     -0.95    0.342 
 Grass ES  3.36 ± 5.37     0.63   0.532 
 WBS  2.13 ± 5.79     0.37   0.713 
Diptera Intercept  3.24 ± 0.97     3.35  <0.001 
 Grass ES -2.36 ± 3.79    -0.62   0.534 
 WBS -3.76 ± 4.00    -0.94   0.348 
Gastropoda Intercept -0.73 ± 0.49    -1.50   0.136 
 Grass ES -0.07 ± 2.34    -0.03   0.975 
 WBS  4.05 ± 2.38     1.70   0.089 
Lepidoptera larvae Intercept -1.06 ± 1.18    -0.94   0.349 
 Grass ES  0.53 ± 4.47     0.12   0.906 
 WBS -0.39 ± 5.18    -0.08   0.940 
Other Intercept -1.665 ± 0.524    -3.190 <0.01 
 Grass ES  2.517 ± 2.209     1.140   0.254 
 WBS  2.198 ± 2.377     0.924   0.355 
Tipulidae Intercept  2.18 ± 1.40     1.56   0.119 
 Grass ES -5.66 ± 4.70    -1.20   0.229 
 WBS -4.18 ± 5.86    -0.71   0.475 
Seed  Intercept -0.59 ± 1.01    -0.59   0.557 
 Grass ES  1.66 ± 4.41      0.38   0.707 
 WBS 12.80 ± 5.67      2.26 <0.05 
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4.3.3. Habitat types and chick food preference 
Sweep net samples 
The numbers of invertebrates sampled between replicates was not found to differ significantly 
(Table 4.6), therefore the sweep net invertebrate count data were pooled between replicates. A 
low number of Carabidae (8) were recorded in sweep net samples, therefore this group was 
excluded from the analysis. 
 
Table 4. 6. The results of GLMs with quasipoisson errors of differences between 
replicates in the abundance of tree sparrow dietary items sampled by sweep netting. 
Dependent variable df Intercept ±  SE Slope Est  ±  SE t-value p 
Araneae 1,174 -0.288 ± 0.375 0.132 ± 0.234 0.564 0.574 
Coleoptera 1,172 -0.554 ± 0.438 0.367 ± 0.264 1.391  0.161 
Coleoptera larvae 1,175 -1.242 ± 0.487 -0.169 ± 0.318 -0.525  0.711   
Diptera 1,145  1.590 ± 0.238 0.171 ± 0.146 1.172 0.243 
Gastropoda 1,47  1.272 ± 0.495 0.093 ± 0.315 -0.296 0.768 
Lepidoptera larvae 1,176 -1.900 ± 0.532 0.234 ± 0.326 0.717 0.474 
Other 1,174  2.106 ± 0.253 0.123 ± 0.158 0.778 0.437   
Tipulidae 1,31  0.036 ± 0.512 0.146 ± 0.309 0.473 0.636 
Total 1,173  2.843 ± 0.215 0.108 ± 0.135 0.801 0.424 
 
Pasture and grass AES were found to support significantly higher numbers of Araneae than the 
other habitat types tested (Table 4.7, Figure 4.1). Coleoptera were recorded significantly less 
frequently in spring and winter cereal when compared to the other habitat types under 
investigation (Table 4.7, Figure 4.2). In addition, Coleoptera larvae were present in 
significantly lower numbers on pasture and grass AES habitats (Table 4.7, Figure 4.3). Diptera 
numbers were found to be highest in grass AES plots (Table 4.7, Figure 4.4). The invertebrate 
group other was found to be present in significantly higher numbers on pasture and grass AES 
habitat types (Table 4.7, Figure 4.5). The number of lepidopteran larvae was significantly lower 
in the grass habitats pasture and grass AES (Table 4.7, Figure 4.6).   
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Figure 4. 1. The number of Araneae (mean ± SE) recorded in pooled habitat types. The 
mean and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant differences from OSR: 
***<0.001. 
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Table 4. 7. Results of GLMMs of effect of habitat types on the abundance of invertebrate groups. The estimated slope (± SE), test 
statistic (z-value) and p-value significance are given. Coleopteran larvae and Lepidoptera larvae models contained binomial errors, 
remaining models used the negative binomial distribution. 
Dependent Variable Farm 
Variance 
Farm : Colonies 
Variance 
Fixed effect Slope Est  ±  SE z-value p 
Araneae 0.182 ±0.426 1.96e-08 ±  0.001 OSR (intercept) -0.571  ± 0.515 -1.11   0.268 
   Pasture 1.894 ± 0.559 3.39 <0.001 
   Spring Cereal -0.241 ± 0.770 -0.31 0.754 
   WBS 0.316 ± 0.738 0.43 0.668 
   Winter Cereal 0.646 ± 0.558 1.16 0.247 
   Grass AES 1.749 ± 0.523 3.34 <0.001 
Coleoptera 6.353e-07 ± 0.001 0.389 ±0.624 OSR (intercept) 0.874 ± 0.371 2.35 <0.05 
   Pasture -0.650 ± 0.434 -1.50 0.135 
   Spring Cereal -1.557 ± 0.638 -2.44 <0.05 
   WBS 0.165 ± 0.483 0.34 0.732 
   Winter Cereal -2.543 ± 0.581 -4.37 <0.001 
   Grass AES 0.218 ± 0.380 0.57 0.566 
Coleopteran Larvae  0.021  ±0.145 1.541 ±1.242 OSR (intercept) -3.930 ± 0.706 -5.563 <0.001 
   Pasture -2.693 ± 0.823 -3.272 <0.01 
   Spring Cereal -0.822 ± 0.715 -1.150 0.250 
   WBS -1.278 ± 0.734 -1.742 0.081 
   Winter Cereal -0.924 ± 0.588 -1.572 0.116 
   Grass AES -1.797 ± 0.498 -3.609 <0.001 
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 Table 4.7. Continued. 
Dependent 
Variable 
Farm 
Variance 
Farm : Colonies 
Variance 
Fixed effect Slope Est  ±  SE z-value p 
Diptera 5.000e-09 ±5.822e-05 7.073e-08 ±  0.001 OSR (intercept) 2.175  ± 0.287 7.59   <0.001 
   Pasture 0.542 ± 0.348 1.56 0.119 
   Spring Cereal -0.371 ± 0.411 -0.90 0.366 
   WBS -0.318 ± 0.413 -0.77 0.441 
   Winter Cereal -0.616 ± 0.321 -1.92 0.055 
   Grass AES 0.693 ± 0.313 2.21 <0.05 
Other 3.39e-09  ±5.823e-05 0.164 ±0.405 OSR (intercept) 2.090 ± 0.293 7.13 <0.001 
   Pasture 0.986  ± 0.346 2.85 <0.01 
   Spring Cereal 0.362 ± 0.384 0.94 0.354 
   WBS 0.232 ± 0.407 0.57 0.568 
   Winter Cereal -0.157 ± 0.317 -0.49 0.622 
   Grass AES 1.506 ± 0.312 4.83 <0.001 
Lepidoptera  0 0 OSR (intercept) -3.568 ± 0.338 -10.56 <0.001 
larvae   Pasture -1.991 ± 0.670 -2.97 <0.01 
   Spring Cereal -0.261 ± 0.608 -0.43 0.668 
   WBS 0.589 ±0.481 1.23 0.220 
   Winter Cereal -1.644 ± 0.786 -2.09 <0.05 
   Grass AES -1.925 ± 0.490 -3.93 <0.001 
97 
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Figure 4. 2. The number of Coleoptera (mean ± SE) recorded in pooled habitat types. 
The mean and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant difference from OSR: * <0.05, 
**<0.01, ***<0.001. 
 
 
 
Figure 4. 3. The number of Coleopteran larvae (mean ± SE) recorded in pooled habitat 
types. The mean and standard errors model estimates were back transformed for 
graphical representation. Stars above bars indicate a significant difference from OSR: * 
<0.05, **<0.01, ***<0.001. 
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Figure 4. 4. The number of Diptera (mean ± SE) recorded in pooled habitat types. The 
mean and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant difference from OSR: * <0.05. 
 
 
 
Figure 4. 5. The number of Other (mean ± SE) recorded in pooled habitat types. The 
mean and standard errors model estimates were back transformed for graphical 
representation. Stars above bars indicate a significant difference from OSR: **<0.01, 
***<0.001. 
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Figure 4. 6. The number of Lepidoptera larvae (mean ± SE) recorded in pooled habitat 
types. The mean and standard errors model estimates were back transformed for 
graphical representation. Stars above bars indicate a significant difference from OSR: * 
<0.05, **<0.01, ***<0.001. 
 
GLMs were run to investigate the relationships between Tipulidae abundance, Gastropoda 
abundance and site type. No significant difference in Tipulidae abundance or Gastropoda 
abundance was found between habitat types (Table 4.8).  
 
Table 4. 8. Results of quasibinomial distributed GLMs of the effect of habitat types on 
the abundance of Tipulidae and Gastropoda. The estimated slope (± SE), test statistic (t-
value) and p-value significance are given. 
Dependent 
variable 
df Habitat Slope Est  ±  SE t-value p 
Tipulidae 5,80 OSR (intercept) -21.78 ± 2033.93 -0.011 0.991 
  Pasture 17.15 ± 2033.93 0.008 0.993 
  Spring Cereal 18.18 ± 2033.93 0.009 0.993 
  WBS 18.38 ± 2033.93 0.009 0.993 
  Winter Cereal 17.49 ± 2033.93 0.009 0.993 
  Grass AES 17.18 ± 2033.93 0.008 0.993 
Gastropoda 5,79 OSR (intercept) -20.53 ± 1832.68  -0.011 0.991 
  Pasture 16.10 ± 1832.68 0.008 0.993 
  Spring Cereal 0.56 ± 3005.90  0.009 0.993 
  WBS 17.78 ± 1832.68 0.009 0.993 
  Winter Cereal 18.60 ± 1832.68 0.009 0.993 
  Grass AES  18.13 ± 1832.68 0.008 0.993 
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Lastly I used the sweep net data to test whether the total abundance of nestling dietary 
items differed between pooled habitat categories. Overall these food items were found to 
be present in higher numbers in the grassy habitat categories pasture and grass AES, 
whereas as the number of food items in WBS in addition to spring and winter cereals was 
significantly lower (Table 4.9, Figure 4.7). 
 
Table 4. 9. Results of the Poisson distributed GLMM of the effect of habitat types on 
total nestling food abundance. The estimated slope (± SE), test statistic (z-value) and 
p-value significance are given. 
Dependent 
Variable 
Farm 
Variance 
Farm : 
Colonies 
Variance 
Fixed effect Slope Est  ±  SE z-value p 
Total 6.673e-09 ±  0.052 ±  OSR (intercept) 3.566 ± 0.127 27.88 <0.001 
 8.169e-05 0.228 Pasture 0.315 ± 0.070 4.51 <0.001 
   Spring Cereal -0.589 ± 0.098 -6.02 <0.001 
   WBS -0.556 ± 0.096 -5.77 <0.001 
   Winter Cereal -1.075 ± 0.081 -13.23 <0.001 
   Grass AES 0.589 ±  0.063 9.33 <0.001 
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Figure 4. 7. The total number of chick food invertebrates (mean ± SE) recorded in 
pooled habitat types. The mean and standard errors model estimates were back 
transformed for graphical representation. Stars above bars indicate a significant 
difference from OSR: ***<0.001. 
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Vortis samples 
Vortis samples were used to measure the abundance of ground dwelling tree sparrow 
dietary invertebrates. Samples contained low numbers of the following tree sparrow dietary 
items - Lepidoptera larvae (0) Gastropoda (3) and Tipulidae (5). It was decided that these 
taxa should be excluded from analysis of individual dietary groups. As there was no 
difference between the numbers of the remaining invertebrate groups observed between 
samples (Table 4.10), the invertebrate data was pooled across samples. 
 
Table 4. 10. The results of GLMs with quasipoisson errors of differences between 
replicates in the abundance of tree sparrow dietary items sampled by a suction 
samplers.   
Dependent 
variable 
df Intercept ± SE Slope Est  ± SE t-value p 
Araneae 1,55 -0.425 ± 0.430 0.007 ± 0.010 0.796 0.430 
Carabidae 1,55 -0.666 ± 0.441 0.012 ± 0.010 1.295 0.201 
Coleoptera 1,55 1.102  ± 0.370 -0.009 ± 0.009 -0.952  0.345 
Coleoptera larvae 1,55 0.575 ± 0.581 -0.014 ± 0.015 -0.966  0.338   
Diptera 1,55 1.295 ± 0.356 -0.001 ± 0.008 -0.090 0.929 
Other 1,55 0.895 ± 0.497 -0.002 ± 0.012 -0.203 0.840   
Total 1,55 0.895 ± 0.497 -0.002 ± 0.012 -0.203 0.840 
 
 
No significant difference was recorded between the numbers of Araneae or Coleoptera 
larvae in pooled habitat categories (Table 4.11). Significantly lower numbers of Carabidae 
were however, recorded on pasture (Table 4.11, Figure 4.8). Whereas for all other members 
of Coleoptera, numbers were significantly lower in winter cereal (Table 4.11, Figure 4.9).  
Diptera occurred significantly more frequently in the grassy habitats pasture and grass AES 
(Table 4.11, Figure 4.10). 
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Table 4. 11. The results of negative binomial GLMMs of the effect of habitat types on 
the abundance of invertebrate groups. The estimated slope (± SE), test statistic (z-value) 
and p-value significance are given. 
Dependent 
Variable 
Farm Fixed effect Slope Est  ±  SE z-value p 
Araneae 0.002 ± 0.036 OSR (intercept) 1.802  ± 0.376 4.80 <0.001 
  Pasture 0.430 ± 0.429 1.00  0.316 
  Spring Cereal -0.857 ± 0.903  -0.95  0.342 
  WBS -1.029 ± 0.618      -1.67  0.096 
  Winter Cereal -0.170 ± 0.432       -0.39  0.693 
  Grass AES -0.099 ±  0.395       -0.25  0.803 
Carabidae 3.665e-08 ±0.001 OSR (intercept) 1.204 ± 0.318  3.79 <0.001 
  Pasture -1.609 ± 0.776   -2.07  <0.05 
  Spring Cereal -0.105 ± 0.661   -0.16  0.873 
  WBS -0.105 ± 0.518   -0.20  0.839 
  Winter Cereal 0.405 ± 0.389   1.04  0.297 
  Grass AES -0.916 ± 0.476  -1.93  0.054 
Coleoptera 0.005 ± 0.070 OSR (intercept) 2.263 ± 0.282  8.03  <0.001 
  Pasture -0.276 ± 0.403   -0.69 0.492 
  Spring Cereal -1.146 ± 0.761  -1.51  0.132 
  WBS -0.396 ± 0.463   -0.86  0.392 
  Winter Cereal -1.021 ± 0.424  -3.41 <0.05 
  Grass AES -0.327 ± 0.349  -0.94 0.348 
Coleoptera larvae 1.676e-07 ±  0.001 OSR (intercept) 0.693 ± 0.610 -0.49 0.26 
  Pasture -0.693 ± 0.954 -0.73     0.47 
  Spring Cereal -0.693 ± 1.41   -0.49     0.62 
  WBS 0.560  ± 0.907 0.62     0.54 
  Winter Cereal 1.31e-06 ± 0.807   -0.00     1.00 
  Grass AES 1.04 ± 0.710   1.47     0.14 
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Table 4.11. Continued. 
Dependent 
Variable 
Farm Fixed effect Slope Est  ±  SE z-value p 
Diptera 2.599e-07±  
0.001 
OSR (intercept) 1.39 ± 0.411   3.37 <0.001 
  Pasture 1.82 ±   0.518    3.52 <0.001 
  Spring Cereal -7.56e-06 ± 0.822    0.00   0.999 
  WBS -0.288 ± 0.681   -0.42  0.673 
  Winter Cereal 0.989 ± 0.506    1.95  0.051 
  Grass AES 0.965 ± 0.477   2.02   <0.05 
 
 
 
Figure 4. 8. The total number of Carabidae (mean ± SE) recorded in Vortis samples 
from pooled habitat types. The mean and standard errors model estimates were back 
transformed for graphical representation. Stars above bars indicate significant 
differences from OSR: * <0.05. 
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Figure 4. 9. The total number of Coleoptera (mean ± SE) recorded in Vortis samples 
from pooled habitat types. The mean and standard errors model estimates were back 
transformed for graphical representation. Stars above bars indicate significant 
differences from OSR: * <0.05. 
 
 
Figure 4. 10. The total number of Diptera (mean ± SE) recorded in Vortis samples from 
pooled habitat types. The mean and standard errors model estimates were back 
transformed for graphical representation. Stars above bars indicate significant 
differences from OSR: * <0.05, ***<0.001. 
 
A GLMM of the group “other” versus pooled habitat categories was also run, however this 
model failed to converge due to the complexity added by the nested random effects structure. 
It was therefore decided to run this model as a quasibinomial GLM, resulting in the loss of the 
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variance component of the model. Data exploration resulted in the exclusion of 1 outlier from 
the data. This model showed that numbers “other” did not vary significantly between habitats 
(Table 4.12). 
 
Table 4. 12. The results of quasibinomial GLMs of the effect of habitat types on the 
abundance of tree sparrow dietary items. The estimated slope (± SE), test statistic (t-
value) and p-value significance are given. 
Dependent 
Variable 
Fixed effect Slope Est  ±  SE t-value p 
Other OSR (intercept) -3.638 ± 1.697  -2.144 0.052 
 Pasture 2.500 ± 1.748    3.388 0.176 
 Spring Cereal -14.716 ± 3853.07   -0.009 0.997  
 WBS 1.818 ± 1.991    0.913 0.378 
 Winter Cereal 1.134 ± 1.885    0.602 0.558 
 Grass AES 2.637 ± 0.730    1.152 0.151 
 
 
The Vortis data was also used to investigate whether the total abundance of tree sparrow dietary 
items differed between pooled habitat categories. Overall tree sparrow dietary items were found 
to be higher in the grassy habitat categories pasture and grass AES and significantly lower in 
spring cereal (Table 4.13, Figure 4.11).  
 
Table 4. 13. The results of negative binomial GLMM of the effect of habitat types on 
total tree sparrow dietary items abundance. The estimated slope (± SE), test statistic (z-
value) and p-value significance are given. 
Dependent 
Variable 
Farm Fixed effect Slope Est  ±  SE z-
value 
p 
Total 0.001  ± 0.036 OSR (intercept) 3.258 ± 0.123   26. 54 <0.001 
  Pasture 0.797 ± 0.152 5.24 <0.001 
  Spring Cereal -0.693 ± 0.314   -2.21  <0.05 
  WBS -0.190 ± 0.204 -0.93  0.352 
  Winter Cereal -0.331 ± 0.188    -1.77  0.077 
  Grass AES 0.484 ±  0.142   3.41  <0.001 
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Figure 4. 11. The total number of invertebrates (mean ± SE) recorded in Vortis samples 
from pooled habitat types. The mean and standard errors model estimates were back 
transformed for graphical representation. Stars above bars indicate significant 
differences from OSR: * <0.05, ***<0.001. 
 
4.3.4. Comparison of sampling techniques 
A GLMM was run to determine whether a difference exists between total number of 
invertebrates sampled by the Vortis and by sweep netting. A negative binomial model was 
carried out to account for overdispersion that was present in a Poisson model. The results of 
this model showed that the Vortis sampler collected significantly fewer individual invertebrates 
than the sweep net (z=-2.98, P<0.05; Figure 4.12 (a)).  
 
After the removal of groups not present in tree sparrow chick diet (e.g. Mollusca, Collembola, 
adult Lepidoptera) a significant difference between sampling types was recorded, with the 
Vortis again collecting fewer tree sparrow dietary items (z=-2.96, p<0.05; figure 4.12(b)).  
 
 
 
***
*
***
0
10
20
30
40
50
60
70
80
OSR Pasture Spring
Cereal
WBC Winter
Cereal
Grass AES
To
ta
l N
u
m
b
e
r 
o
f 
In
ve
rt
e
b
ra
te
s
Habitat Type
                                                                                  Chapter 4. Trees sparrow nestling diet 
 
109 
 
 
 
Figure 4. 12. The (a) Total number of invertebrates (b) tree sparrow chick food 
invertebrates (mean ± SE) sampled by sweep netting and Vortis. The mean and 
standard errors model estimates were back transformed for graphical representation. 
Stars above bars indicate significant differences from sweep samples: **<0.01, 
***<0.001. 
 
Next the abundance of individual invertebrate groups in faecal sacs was compared with their 
abundance in sweep net and Vortis samples using binomial (for Araneae, Carabidae, 
Coleoptera, Coleoptera larvae, Diptera, Lepidoptera larvae, other and Tipulidae) or 
quasibinomial (for Gastropoda) GLMs depending on data dispersion. No difference was found 
between the proportion of Araneae present in nestling diet and sweep net (df308, z=-0.483, 
p=0.400) or suction samples (df308, z=1.478, p=0.139).  Carabidae, however, were recorded 
significantly less frequently in sweep net samples when compared to faecal sacs (df307, z=-
2.590, p<0.005), but no significant difference was seen between the number of Carabidae 
recorded in Vortis samples when compared with faecal sacs (df307, z=-1.149, p=0.306; Figure 
4.13; Appendix 6). 
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Significantly fewer Coleoptera were recorded in sweep samples (df304, z=-2.757, p<0.05) when 
compared to faecal sacs but no difference was found between faecal sacs and Vortis samples 
(df304, z=0.452, p=0.652; Figure 4.13; Appendix 6). Significantly fewer Coleoptera larvae were 
recorded in sweep nets (df304, z=-2.546, p<0.05; Figure 4.13) than occurred in nestling diet and 
no significant difference was noted between faecal sac and suction samples (df304, z=-0.356, 
p=0.722; Figure 4.13; Appendix 6). There was no difference in proportion of Diptera found in 
faecal sacs when compared to sweep net (df314, z=1.020, p=0.308; Figure 4.13) and Vortis 
samples (df314, z=0.486, p=0.627; Figure 4.13). The abundance of Lepidoptera larvae in sweep 
net (df305, z=-0.933, p=0.351; Figure 4.13) and Vortis (df305, z=-0.005, p=0.996; Figure 4.13) 
samples also did not differ significantly from the abundance of this group in the diet of 
nestlings. The category Other, however, was recorded more frequently in both Vortis (df311, 
z=10.311, p<0.05; Figure 4.13) and sweep net (df311, z=5.311, p<0.001; Figure 4.13) samples 
than in faecal sacs (Appendix 6). The proportion of Tipulidae was significantly smaller in 
sweep net samples (df300, z=-2.541, p<0.05; Figure 4.13; Appendix 6) when compared to faecal 
sacs. No significant difference was found when dietary abundance of Tipulids was compared 
to Vortis sample (df300, z=-1.393, p=0.164; Figure 4.13; Appendix 6). Significantly more 
Gastropods were recorded in Vortis samples (df247, z=3.842, p<0.001; Figure 4.13; Appendix 
6) when compared to proportion in faecal sacs. No significant difference however, was found 
between sweep net samples and faecal sacs (df247, z=1.780, p=0.076; Figure 4.13; Appendix 6). 
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Figure 4. 13. Invertebrate community composition based on invertebrate abundance in 
faecal, sweep and Vortis samples. The mean and standard errors model estimates were 
back transformed for graphical representation. 
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4.4. Discussion 
4.4.1. Nestling diet and AES coverage  
Declines in the abundance of cereal arthropods available to foraging adults due to 
agricultural intensification may have detrimental consequences for chick survival, 
affecting their development and flight feather growth (Borg & Toft, 1999, 2000; 
Southwood et al., 2002). Therefore I investigate if the presence of key invertebrate food 
items or seed in the diet of tree sparrow nestlings is influenced by the coverage of grass 
AES habitat or annual WBS ES habitats on arable farmland. This meant that not all 
individuals had access to the same habitats and therefore it might be assumed that 
individuals with access to larger areas of grass AES would benefit from a wider range and 
abundance of prey items being available to them (Vickery et al., 2009) and those with large 
areas of WBS available to them would supplement their diet with seed. The analysis 
revealed that faecal sacs were more likely to contain seed where WBS coverage was high, 
but showed no significant relationship with grass AES. No correlations between the 
invertebrate taxa investigated and grass ES or WBS coverage were found. 
 
Across Europe tree sparrow chick diet varies in its taxonomic composition depending on 
the landscape context, demonstrating how adaptable this species is (Summers-Smith, 1995; 
Cummins et al., 2000; Field et al., 2008). Past studies of tree sparrow diet have highlighted 
Lepidoptera as a major dietary component (approximately 28%; Holland et al. 2006). In 
this study, however, Lepidoptera larvae accounted for only 6.29% of their diet and did not 
occur frequently in either Vortis or sweep net sample. Anderson (1984), explained that tree 
sparrow diet shifts from Lepidoptera to Coleoptera as the breeding season progressed, 
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therefore the low abundance of Lepidoptera larvae may be explained by my focus on 2nd 
broods. However, this finding may reflect national declines in Lepidoptera abundance, a 
theory that has been proposed by Field et al. (2008), who found Lepidoptera only 
represented 7% of Tree Sparrow chick food items. There is evidence that nationally 
Lepidoptera have declined over the same period as threatened farmland bird species 
(Benton et al. 2002; Conrad et al. 2006; Fox et al., 2011).  
 
Although the invertebrate taxa consumed by Tree Sparrow chicks were unaffected by 
grass AES coverage the presence of grain in their diet positively correlated with WBS 
coverage. Invertebrate food provides a better source of protein and supplies particular 
amino acids that facilitate growth; these are often absent or only present in very low 
proportions in plant food (Potts 2012). This is known to depress nestling body condition 
in other farmland bird species e.g. Yellowhammer (Douglas et al. 2012) and can impact 
their future survival and fitness as a consequence (Wright et al. 1998, Lindstrom 1999). 
 
WBS is primarily a winter habitat and was represented by short (0.35m ± 0.22m) sparse 
vegetation at the time of sampling (pers obs). Invertebrate abundance increases with the 
height and structural diversity of a habitat (Eyre & Leifert 2011) and it is therefore 
unlikely that invertebrate food resources were abundant in this habitat. WBS is generally 
planted in April or May meaning that during the peak breeding season (May-July) the 
habitat is not sufficiently developed to provide seeds for foraging adults. Since spring 
sown WBS appears to provide little in the way of food during the breeding season, Tree 
Sparrows may be resorting to feeding in cropped areas instead, and as they support few 
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insects (Holland et al. 2012), this is responsible for the higher prevalence of grain in 
nestling diets.  This does not necessarily negate the benefits of WBS as a winter food 
resource (Stoate et al. 2004), but it is important that it does not come at the cost of brood 
rearing resources that are vital to maintain productivity. WBS may be improved as a 
summer foraging habitat by sowing in the autumn instead of spring, this practice is 
already carried out by some farmers and results in a more mature spring/summer crop 
which should result in increased invertebrate populations.  Planting two year in place of 
annual WBS strips may also benefit breeding Tree Sparrow as two-year strips are much 
better at providing invertebrates in their second year due to increased weed cover (J. 
Holland et al. unpubl. data). 
 
The increased presence of grain in the diet of nestlings with WBS coverage may offer an 
explanation for declining Tree Sparrow population growth on mixed farmland, but it 
assumes this relationship reflects a decision by parents to supplement nestling diet with 
grain at the cost of invertebrates. Further research is needed in order to verify that 
increased seed intake results in reduced insect mass within the diet but this is currently 
limited as no correction factors for Tree Sparrow faecal analysis were available to 
account for potentially undercounting soft bodied prey. Correction factors may also be 
important in investigation the relationship between the abundance of key dietary items 
and grass AES as the presence/absence data used in our analysis may have been too 
course to detect such a relationship.  
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4.4.2. Habitat types and chick food preference 
Foraging habitat choice by a number of species including corn bunting Emberiza calandra 
(Brickle et al., 2000), common reed buntings Emberiza schoeniclus (Brickle & Peach, 
2004), yellowhammer Emberiza citrinella (Morris et al., 2005), Eurasian skylark Alauda 
arvensis (Kuiper et al., 2013) and golden plover Pluvialis apricaria (Pearce-Higgins & 
Yalden, 2004) is strongly influenced by the quantity of invertebrate prey available. 
Therefore by comparing chick food availability in the field to dietary abundance we can 
determine the potential value of these habitats to tree sparrow chicks.  
 
In order to decipher which farmland habitat group is most efficient in supplying dietary 
items I compared the abundance of major tree sparrow chick food taxa in field samples 
between the habitat categories OSR, permanent pasture, spring cereal, WBS, winter cereal 
and grass AES. Coleoptera were recorded less frequently in spring and winter cereal sweep 
net samples compared to the other habitats. Vortis samples were partially in agreement 
with this finding as coleopteran larvae were less common in winter cereal. Sweep net 
samples showed that on pasture and grass AES habitats more Araneae were recorded, but 
Coleoptera and Lepidoptera larvae abundance were lower. Although grassy habitats acted 
as a superior sources of the protein rich group Araneae (Cross, 1966; Ramsay & Houston, 
2003; Hitchcock, 2010), the low abundance of Coleoptera and Lepidoptera larvae recorded 
is worrying due to their importance in the diet of a variety of farmland birds including 
yellowhammer and grey partridge (Hart et al., 2010; Potts, 2012). Coleoptera are however, 
primarily epigeal, diurnal and quite large insects that may not be adequately sampled using 
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a sweep nets or a Vortis sampler so their abundance may have been underestimated 
(Holland, 2002). 
 
Total chick food item abundance between habitats displayed similar patterns for both 
Vortis and sweep net samples. Grass AES and permanent pasture sweep net samples were 
found to support the highest number of food items, but the abundance of dietary items was 
significantly lower in both WBS and spring cereal. In Vortis samples grassy habitats also 
supported more prey items compared to spring cereal, which was a poor source of chick 
food. Grass AES habitats (grass buffers, field corners, wildflower mix and pollen and 
nectar mix) benefit a variety of farmland bird species including yellowhammer and corn 
bunting while provisioning nestlings (Brickle & Harper, 2000; Morris et al., 2001; Perkins 
et al., 2002). Access to food will however, be affected by structural characters including 
vegetation height, density and heterogeneity (Butler & Gillings., 
2004; Devereux et a,,. 2004; Atkinson et al., 2005; Douglas et al., 2009), it is clear that 
additional research is needed to determine how the structure of this habitat relates to tree 
sparrow foraging activity.  
 
Pasture was also highlighted as a significant source of chick food items and other studies 
have also shown that grassland is rich in invertebrates (Morris et al., 2001). Grazed pasture 
is however, a less desirable foraging habitat for a variety of passerines (Green et al., 1994; 
Kyrkos et al., 1998; Bradbury et al., 2000) and was avoided by breeding tree sparrow in 
previous foraging studies (Field et al., 2004). Additionally, although the number of chick 
food items found in pasture was high it represents chick food items that are less preferred 
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by adults, for example the group other was encountered significantly more frequently in 
this habitat. WBS proved to be a poor source of chick food; it is primarily aimed at 
providing seed to overwintering birds (Natural England, 2014) yet previous studies have 
found it to be a good source of chick food for other species (Holland et al., 2014). Spring 
cereal was also shown to provide low levels of chick food, this result was surprising as 
spring cereals have the fewest pesticide applications of most arable crops and they are a 
good source of food for corn bunting chicks. The prey composition of corn bunting, 
however, differs to that of tree sparrow as they will forage for Orthoptera, Lepidoptera 
larvae, Symphyta larvae and Opiliones when feeding chicks (Brickle et al., 2000). Chick 
food invertebrate levels may however, have been low due to low crop weed levels, but this 
was not measured at the time of insect sampling. 
 
4.4.3. Comparison of sampling techniques 
Total invertebrate abundance was found to differ depending on the sampling technique 
used, a finding that is supported by Randel et al., (2006) and Standen (2000). Significantly 
more invertebrates were collected by sweep net sampling compared with the Vortis, but 
this may partly be an artefact of the sampling area these two methods represent; sweep 
netting samples accounted for an area of approximately 1m2 whereas Vortis suction 
sampling accounts for 0.4m2. A number of invertebrate taxa found in sweep and Vortis 
samples were not recorded in faecal sacs.  They may represent soft-bodied invertebrates 
that are completely digested by chicks (e.g. Collembola, Thysanoptera and 
Ichneumonidae) or perhaps they are a poorer source of nutrients (e.g. Aphididae, 
Formicidae; Borg & Toft, 2000; Moreby & Stoate, 2000). After removing taxa that were 
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unrepresentative of chick diet no significant difference in number of food items was 
recorded between sweep net and faceal sacs, but fewer chick food items were collected 
using the Vortis relative to faecal sacs. This result should however be treated with caution 
as the majority of food items sampled with the sweep net represented the category other, a 
group that was encountered infrequently in faecal sacs.  
 
Next the abundance of individual invertebrate taxa were compared between faecal, sweep 
net and Vortis samples. No difference in the proportion of Araneae, Diptera or Lepidoptera 
larvae present in faecal sacs, sweep net and Vortis suction samples were found. Carabidae, 
Tipulidae along with adult and larval Coleoptera were recorded significantly less 
frequently in sweep net samples when compared to faecal sacs. Members of the group 
“other” were more frequently recorded in sweep net and Vortis samples, whereas 
gastropods were more often encountered in Vortis samples. These differences relate to the 
niches sampled by the two methods, the sweep net is designed to collect foliar invertebrates 
such as bugs in comparison the Vortis sampler is more efficient at collecting invertebrates 
that spend a lot of time on the ground e.g. Carabidae.  
 
Although sweep netting collected a similar total number of chick food items to those seen 
in the diet, I would still recommend that a combination of methods are used for future 
studies. Tree sparrow search for most of their food on the ground, both the seed it eats itself 
and the invertebrate food it feeds it’s young, but they will also spend time picking insects 
off foliage (Summer-Smith, 1995).  Given that adult tree sparrow forage using a 
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combination of ground and gleaning strategies site level differences in vegetation structure 
may result in adults spending more time foraging on the ground or gleaning off plants. In 
addition, sampling efficiency will vary for individual taxa depending on the sampling 
method used (MacLeod et al., 1994). The Vortis was originally designed for sampling short 
vegetation such as grassland, its strong suction means that it is able to collect large 
invertebrates, but the suction nozzle cannot be positioned over the crop making the 
underestimation of crop inhabitants likely (Holland et al., 2002). In comparison, sweep 
netting will only collect foliar invertebrates, but they are sampled at a greater vertical 
distribution than the Vortis (Hitchcock, 2010). Of the two methods sweep netting if often 
favoured as it is cost effective and practical (Bechinski & Pedigo, 1982). 
 
4.5. Conclusion 
The increased presence of grain in the diet of nestlings with WBS coverage may offer an 
explanation for declining tree sparrow population growth on mixed farmland, but it assumes 
this relationship reflects a decision by parents to supplement nestling diet with grain at the 
cost of invertebrates. Invertebrate sampling in different agricultural habitats suggested that 
those aiming to conserve tree sparrow should provide strips of grass AES as they supported 
an abundance of chick food items whilst WBS proved to be a poor source of invertebrate 
food.  In order to clarify the usefulness of these habitat strips future studies could focus on 
differences in foraging rates and distances travelled by adults for food between different 
AES and crop treatments. The quantity and positioning of grass AES may increase 
opportunities for adults to exploit an insect rich foraging habitat, this may be important as 
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it is currently not known if adults have to work harder in the absence of grass AES to ensure 
chicks are adequately provisioned. 
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Chapter 5 
Tree sparrow colony size and 
breeding performance in relation to 
the availability and quality of agri-
environment scheme habitat  
 
5.1. Introduction 
Recent declines in the distribution and numbers of numerous European bird species can be 
attributed to the destruction of their habitat and consequently a reduction in their living 
space (Donald et al., 2001). Therefore, when asking what limits particular bird species the 
most obvious answer is that it depends on the amount and quality of habitat available at 
one or more points in the life cycle. In recent years the concept of reduced functional space 
caused by habitat loss has become central to the study of farmland birds (Butler & Norris, 
2013; Siriwardena et al., 2014). Attempts to help improve habitat heterogeneity by 
introducing agri-environment scheme (AES) habitats focused on provisioning food to aid 
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over-winter survival and also to help ensure both chick food and nesting habitat are 
plentiful over the breeding season (Natural England, 2013a, 2013b). 
 
The development of these AES through Entry Level Stewardship (ELS) and Higher Level 
Stewardship (HLS) schemes were largely viewed as a positive step for farmland bird 
conservation and were predicted to be the key means of achieving the government’s Public 
Service Agreement (PSA) regarding farmland birds and Biodiversity Action Plan (BAP) 
targets at this time (Evans & Green, 2007). The schemes were widely adopted; by 2010, 
70% of farms had taken up AES at the ELS tier in England (Boatman et al., 2010) with, 
wild bird seed mixtures, winter stubble and hedgerow management being among the 
options available to these farmers (Natural England, 2013a, 2013b). 
 
Associations between farmland birds and AES habitats have been used by a wide number 
of studies in an attempt to evaluate their success (e.g. Perkins et al., 2002; Wilson, 2001; 
Douglas et al., 2009; Gilroy et al., 2009). Studies have defined AES success in terms of 
their impact on bird density and use of AES habitats while foraging.  Current studies 
however, lack information on potential mechanisms for such relationships i.e. habitat 
accessibility and/or improved invertebrate chick food supplies. Insufficient chick food is 
known to reduce breeding success of grey partridge Perdix perdix, Eurasian skylark Alauda 
arvensis, corn bunting Emberiza calandra and yellowhammer Emberiza citronella (Brickle 
et al., 2000; Boatman et al., 2004; Potts, 2012) and in likelihood most other farmland birds 
whose chicks are dependent on invertebrates. Agricultural practices have, however, 
dramatically affected invertebrates, causing declines and the local extinction of many 
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species (New, 2005). The abundance of invertebrates has also been affected, for example, 
the abundance of grey partridge chick food taxa on the Sussex Downs, where annual 
monitoring has taken place since 1969, show an overall downward trend in abundance and 
are thought to be representative of the situation on a national scale (Potts, 2012). Indeed, 
the grey partridge chick food index which is the only measure available that relates chick 
food abundance to chick-survival (Potts, 2012) was below the level necessary to sustain a 
population of grey partridge in all arable crops (Holland et al., 2012). 
 
The central aim of this chapter is to document whether the productivity of a hole-nesting 
farmland bird, the tree sparrow Passer montanus, whose chicks are dependent on 
invertebrates food resources, is limited by the availability of invertebrate-rich foraging 
habitat. When breeding, tree sparrows can adapt their foraging radius to prey densities and 
conspecifics but have been found to forage within an average distance of 200m from their 
nests (Deckert, 1962; Summer-Smith, 1995). Here, I test whether colony size and 
productivity in tree sparrows is influenced by the availability of different agricultural 
habitats including AES within 200m’s of nestboxes. I predict that higher annual 
productivity may be more frequently associated with habitats that are rich in chick food 
invertebrates such as grass AES (Vickery et al. 2002) due to the dependence of chicks on 
invertebrate food resources. Additionally I will examine probable causes for these 
relationships by comparing tree sparrow chick food abundance in the available agricultural 
habitat types. This is important in determining whether AES habitats are meeting one of 
their objectives, which is providing suitable foraging habitat for this species during the 
breeding season.  
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5.2. Methods 
5.2.1. Study area  
Data collection took place in the south of England, in the mixed farming landscape of the 
Marlborough and Pewsley Downs. The sites belong to the North Wessex Downs Area of 
Outstanding Natural Beauty (AONB). 84% of this land is farmed and the principal land use 
(over 60%) is arable farming (AONB, 2014).  
 
The sites chosen for this study are located on the Western side of the North Wessex AONB and 
belong to a long-term tree sparrow monitoring project run by the Wiltshire Ornithology Society 
(WOS). It is important to note that the number of boxes was uneven across sites. As colony 
size increases more boxes are provided by WOS and none of the sites had reached capacity. 
This ensures that nest box availability is not a factor limiting colony size. 
 
The habitat types represented on these farms included permanent pasture, arable crops (cereals: 
barley, Triticum, and wheat, Hordeum; broadleaf crops: oilseed rape, Brassica napus spp.)  and 
patches of woodland. 
 
5.2.2. Breeding Data 
This study was conducted over two consecutive years 2013 and 2014 during the tree sparrow 
breeding season (April to August). Nest boxes were checked every 2-3 days to obtain the 
following basic reproductive parameters; clutch size, hatching success (proportion of hatched 
eggs), number of fledged young and fledging success (proportion of hatchlings that resulted in 
fledglings).  
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Tree sparrows have multiple clutches per pair per year; the assignment of chicks to a brood 
category (1st, 2nd or 3rd) is based on two assumptions: 1. Consecutive clutches laid in the same 
nest box belong to the same pair and 2. Pairs do not change nests for successive broods. Deckert 
(1962) and Summer-Smith (1995) suggest that these assumptions are largely valid, although 
during their behavioural studies colour ringed birds were occasionally found to use more than 
one nest site. For this study 100 nestlings were colour ringed in 2013 to investigate nest site 
movements, however, few were resighted as breeding adults in 2014. This may have been due 
to either high mortality rates post fledging or dispersal to breeding sites outside of the study 
area. 
 
5.2.3. Habitat data  
Within and between each of the 11 farm sites, groups of nest boxes that were separated by more 
than 400m were defined as separate sampling units, resulting in 23 discrete tree sparrow 
colonies (Figure 5.1). All habitat types found within 200m of nest box groups were mapped 
using farm maps received from farmers and through on-site verification. 200m was chosen as 
the area adult tree sparrows were most likely to forage within when collecting insects to feed 
chicks (Deckert, 1962; Summers-Smith, 1995; Zhang & Zheng, 2010). Boxes with overlapping 
200m buffers were classified as members of the same tree sparrow colony. 
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Figure 5. 1. Map of the study area showing tree sparrow colony locations. 
 
To increase statistical power for analysis component habitats present were classified into 11 
groups according to structural and functional similarities (Table 5.1). Habitat data were 
digitised using ArcMap GIS v. 10.2 and habitat data were extracted for individual occupied 
boxes.  
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Table 5. 1. Pooled and component habitat types present within foraging distance (200m) 
of tree sparrow nest boxes. 
 
 
 
 
 
 
 
 
 
5.2.4. Data Analysis 
The focal question that this study sought to address was how habitat characteristics relate to 
tree sparrow productivity and colony size. I aimed to detect which potential explanatory 
variables relating to habitat area coverage were most closely related to the response variables 
under investigation (Table 5.2). Prior to addressing these questions the data were explored 
using the procedure outlined by Zuur et al. (2010). Both data exploration and statistical analysis 
was conducted in Rv3.03 (R Core Development Team, 2014).  
 
The first step of data exploration involved the investigation of co-linearity using Pearson 
correlation coefficients with multi-panel scatter plots displaying both linear and non-linear 
relationships between explanatory variables. For both pooled (total productivity data) and 
unpooled datasets (per-attempt productivity data) this test showed that a moderate negative 
correlation was present between winter wheat and OSR.  The effect of this correlation on the 
remaining explanatory variables could be seen when using a second measure of co-linearity, 
namely Variance Inflation Factors (VIFs).  Grassland, winter wheat and OSR displayed VIFs  
Pooled habitat code Component 
Winter cereals Winter wheat, winter barley  
Spring cereals Spring wheat, winter wheat 
Grassland Permanent and temporary grassland 
OSR Oilseed rape 
Other arable Spring beans, maize 
Built Roads, tracks, farm buildings 
Boundary Hedges, tree line, grassy verges, scrub 
 (young plantation or deciduous scrub) 
Water Lakes, ponds, streams and ditches 
Wood Deciduous and coniferous woodland 
Grass AES 2m, 4m and 6m grass buffer strips, enhanced 
wildflower mix, pollen and nectar mix, grass 
corners 
WBS Wild bird seed, enhanced wild bird seed 
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>10. By excluding OSR, correlation values for winter wheat and grassland were reduced to an 
acceptable level, below 3 (Zuur et al., 2013). Therefore it was decided to exclude OSR from 
further analysis. Reducing co-linearity between variables will allow coefficients in the model 
to be estimated precisely. Next, the spread of the data was investigated using Cleveland 
dotplots. This resulted in the exclusion of the explanatory variables spring barley, water and 
other arable from analysis as these habitats were present on land surrounding <5% of occupied 
nest boxes.  
 
Dotplots were also used together with histograms to determine whether transformations of 
covariates were necessary. This lead to the use of the ArcSine square-root transformation on 
the remaining habitat area variables (built, woodland, boundary, winter cereal, grassland, grass 
AES and WBS).  
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                      Chapter 5. Trees sparrow habitat associations 
 
129 
 
Table 5. 2. List of covariates under investigation. Habitat area measurements relate to 
habitat coverage within 200m’s of nest boxes. Tree sparrow chick food index is 
abbreviated to TS – CFI. 
 
Generalised linear mixed effects models (GLMMs) were built for investigations relating to tree 
sparrow colony size, total productivity per pair, per-attempt productivity and tree sparrow chick 
food invertebrate abundance (Table 5.3). Chick food items were identified as those 
representing >5% of tree sparrow diet (Chapter 4, Table 4.1). Wald tests were used to measure 
Variable name Description Data type Variable type Mean ± SE 
Colony size Total number of pairs in 
colony 
Count Response 4.33 ± 0.561 
Clutch size Number of eggs laid per 
brood 
Count Response 5.527 ± 0.052 
Total eggs  Total number of eggs 
produced per pair 
Count Response 11.290 ± 0.056 
Number of 
attempts  
Total number of breeding 
attempts per pair 
Count Response 1.910 ± 0.056 
Hatchlings per 
brood 
Number of eggs that 
hatched successfully per 
breeding attempt 
Count Response 4.347 ± 0.085 
Total hatchlings Total number of 
hatchlings per pair 
Count Response 8.881 ± 0.351 
Fledglings per 
brood 
Number of fledgings 
produced per breeding 
attempt 
Count Response 3.678 ± 0.092 
Total fledglings Total number of 
fledgings produced by a 
pair 
Count Response 7.514 ± 0.328 
TS - CFI Tree sparrow chick food 
abundance 
Continuous Explanatory 3682250 ± 42775.9 
Habitat type Agricultural habitat types 
sampled for invertebrates 
Categorical Response - 
Built area Ares of built habitat Continuous Explanatory 6642.230m2 ± 292.683m2 
Woodland area Area of woodland  Continuous Explanatory 1725.640m2 ±162.987m2 
Boundary area Area of boundary habitat Continuous Explanatory 3120.590m2 ± 151.911m2 
Winter cereal area Area of winter cereal  Continuous Explanatory 44946.592m2 ± 1986.375m2 
Grassland area Area of grassland  Continuous Explanatory 15131.579 m2 ± 1180.561 m2 
Grass AES area Area of grass AES  Continuous Explanatory 1922.29 m2 ± 99.6083 m2 
WBS area Area of WBS  Continuous Explanatory 2424.43 m2 ± 148.828 m2 
OSR area Area of OSR  Continuous  Explanatory 38676 m2 ± 2172.01 m2 
Spring Barley Area of spring barley  Continuous  Explanatory 7441.27 m2 ± 1141.13 m2 
Water Area of water  Continuous  Explanatory 70.605 m2 ± 16.100 m2 
Other arable Area of other arable  Continuous Explanatory 3514.18 m2 ± 595.45 m2 
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the influence of independent variables that were included in models as fixed effects (Aebischer 
et al., 2014). 
 
Table 5. 3. Details of GLMMs used for analysis. Habitat area measurements refer to the 
table 1 pooled habitat codes and area measurements represent habitat present within 
the 200m adult foraging ranges from nest boxes. Tree sparrow chick food index is 
abbreviated to TS – CFI. 
 Response Error structure/ 
link function 
Fixed Effects Random effects 
Colony size Colony size Poisson/log Habitat area 
measurements 
Year, Farm/Colony, Pair 
Total 
productivity 
per pair 
Number of 
attempts 
Poisson/log Habitat area 
measurements  
Year, Farm/Colony, Pair 
 Total eggs  Poisson/log Habitat area 
measurements 
Year, Farm/Colony, Pair 
 Total 
fledgings  
Poisson/log Habitat area 
measurements 
Year, Farm/Colony, Pair 
Per-attempt 
productivity 
Clutch size Poisson/log Habitat area 
measurements 
Year, Farm/Colony, 
Pair/Brood 
 Hatching 
Success 
Binomial/logit Habitat area 
measurements 
Year, Farm/Colony, 
Pair/Brood 
 Fledging 
success 
Binomial/logit Habitat area 
measurements 
Year, Farm/Colony, 
Pair/Brood 
 Fledging’s 
per brood 
Poisson/log Habitat area 
measurements 
Year, Farm/Colony, 
Pair/Brood 
     
Chick Food 
abundance 
TS - CFI Poisson/log Habitat type Farm/Colony 
 
Backward stepwise deletion of explanatory variables from Generalised Linear Mixed Effects 
Models (GLMMs) was conducted to model the effect of habitat type on nesting variables (e.g. 
clutch size, hatching success) and of colony size. Although this method of model selection has 
been criticised in the literature (Whittingham et al., 2006), stepwise deletion has more recently 
been recognised as a valid model selection procedure, establishing by cross validation methods 
that it performed as well as Akaike Information Criteria and Baysian Information Criterion 
based predictive models (Murtagh, 2009). Fledging success was defined as the proportion of 
hatchlings that resulted in fledging’s or the number of hatchlings that fledged, therefore data 
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points for which hatching success was 0 were. For the chick food abundance model, a full 
model was fitted exploring the relationship between invertebrate abundance and habitat types. 
It was not necessary to simplify this model as only one fixed effect was included (habitat type). 
 
Stepwise modelling followed the code of best practice outlined by Crawley, (2012). Model 
simplification starts by building the most complicated model. In this case the most complicated 
models that could be fitted to the data contained seven additive fixed effects. Inclusion of 
interaction terms between explanatory variables resulted in models being unable to find a 
discernible pattern in the data; therefore interaction terms could not be included. For model 
simplification a criterion level of P≤0.05 was employed. ANOVA was used to compare models 
and ensure that removal of non-significant variables did not cause a significant difference in 
model deviation. The minimum adequate model (MAM) was considered complete when either   
1) Only factors with of P=<0.05 were present and all other variables had been removed 
2) Removal of a term resulted in a significant difference in model deviation  
3) All non-significant terms had been removed meaning that the null model is best for 
describing the pattern seen the response variable. This means that none of the 
explanatory variables measured contributed anything significant to our understanding 
of the variation in the response variable.  
 
All models were checked using the package Language R to ensure models conformed to the 
model assumptions. 
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5.3. Results 
5.3.1. Colony size 
The initial basic statistics associated with each colony are outlined in Appendix 7. 
 
For the colony size GLMM non-significant terms were removed sequentially from the full 
model after of the removal of 12 data points that were outliers (Table 5.4).  
 
Table 5. 4. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Built -0.106    0.916 
3 Woodland 0.250   0.803 
4 Boundary -1.121   0.262 
5 Winter Cereal -1.157   0.247 
 
Three variables showed significant associations with colony size (Table 5.5). The proportion 
of grass AES and WBS present within 200m of nestboxes increased with colony size, but was 
negatively associated with grassland coverage (Table 5.5, Figure 5.2). 
 
Table 5. 5. Estimated parameter and p values for each fixed effect present in MAM 
relating to colony size. The variance and standard deviation values associated with 
random effects are also given. 
Fixed Effects Estimate ± SE Z-value P  
Intercept  1.586 ± 0.134  11.830   0.001 
Grass AES  1.442 ± 0.658 -2.193 <0.05 
WBS  1.516 ± 0.556  2.724 <0.005 
Grassland -0.493  ± 0.196 -2.523 <0.05 
Random Effects Variance ± SD   
Pair ID  0.072 ± 0.268   
Colony  0.000 ± 0.000   
Farm  0.000 ± 0.000    
Year  0.002 ± 0.050   
  
 
 
 
Figure 5. 2. Tree sparrow colony size (number of pairs) relative to three significant variables (Table 5.5) chosen by backward stepwise 
deletion from a generalised linear mixed model: a) grass AES, b) WBS and c) grassland. For each covariate displayed probabilities are 
adjusted relative to the effects of the other variables modelled. The vertical axis is labelled on the probability scale & a 95% confidence 
interval is drawn around the estimated effect. 
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5.3.2. Total Productivity per pair 
Number of breeding attempts per pair 
A Poisson distributed GLMM showed that none of the explanatory variables were significantly 
related to the number of broods produced per pair in a season. Therefore explanatory variables 
were removed from the model sequentially until none of the parameters were significant, 
meaning the MAM is the null model (Table 5.6).  
 
Table 5. 6. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Grass AES -0.256 0.798 
3 WBS -0.340 0.734 
4 Grassland -0.220 0.826 
5 Winter Cereal -0.406 0.685 
6 Boundary -0.516 0.606 
7 Built 1.277 0.201 
8 Woodland -1.250 0.211 
 
Total Eggs per pair 
Non-significant terms were removed sequentially from the full model (Table 5.7).  
 
Table 5. 7. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Built -0.057 0.955 
3 Grass AES -0.219 0.827 
4 Winter Cereal 0.582    0.561 
5 WBS 0.602     0.547 
6 Boundary -1.250 0.210 
7 Grassland 0.490 0.622 
 
The best fitting stepwise model (Table 5.8; Figure 5.3) indicated that woodland cover was 
negatively correlated with the total number of eggs produced by a pair over the breeding season.  
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Table 5. 8. Estimated parameter and p values for each fixed effect present in MAM 
relating to the total number of eggs produced by a pair. The variance and standard 
deviation values associated with random effects are also given. 
Fixed Effects Estimate ± SE Z-value P  
Intercept  2.493 ±  0.053     46.680 <0.001 
Woodland -0.886 ± 0.308    -2.880  <0.005 
Random Effects Variance ± SD   
Pair ID  0.072 ± 0.268   
Colony  0.000 ± 0.000   
Farm  0.000 ± 0.000    
Year  0.002 ±0.050   
 
 
Figure 5. 3. Number of eggs produced by a breeding pair of tree sparrow in relation to 
woodland area. Woodland area was identified as significant (Table 5.8) using backward 
stepwise deletion from a generalised linear mixed model. The vertical axis is labelled on 
the probability scale and a 95% confidence interval is drawn around the estimated effect. 
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Total Fledglings per pair 
Non-significant terms were removed sequentially from the full model after of the removal of 
two data-points that were outliers (Table 5.9).  
 
Table 5. 9. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Grass AES -0.350 0.726 
3 Grassland 0.532 0.595 
4 Winter Cereal 1.054    0.292 
5 WBS -0.979   0.327 
6 Boundary -1.275   0.202 
 
The MAM showed that over the breeding season the number of fledglings per breeding pair 
declined with the area of woodland present and increased relative to built area coverage (Table 
5.10).   
  
Table 5. 10. Estimated parameter and p values for each fixed effect present in MAM 
relating to the total number of fledged sparrows. The variance and standard deviation 
values associated with random effects are also given. 
Fixed Effects Estimate ± SE Z-value P  
Intercept 1.856 ± 0.171 10.867 <0.001 
Built 1.265 ± 0.602 2.103 <0.05 
Woodland -1.675± 0.585 -2.863 <0.005 
Random Effects Variance ± SD   
Pair ID 0.077 ± 0.278   
Colony 0.000 ± 0.000   
Farm 0.031 ± 0.177   
Year 0.019 ±0.137   
 
The number of pulli produced by a breeding pair of tree sparrow showed a moderate increase 
relative to the area of built habitat available; conversely, woodland displayed a moderate 
decrease. The confidence intervals associated with both of these covariates remained relatively 
constant (Figure 5.4).  
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Figure 5. 4. Number of fledglings per breeding pair of tree sparrow relative to two 
significant variables (Table 5.10) chosen by backward stepwise deletion from a 
generalised linear mixed model: a) built habitat and b) woodland. For each covariate 
displayed probabilities are adjusted relative to the effects of the other variables 
modelled. The vertical axis is labelled on the probability scale & a 95% confidence 
interval is drawn around the estimated effect. 
 
5.3.3. Per-attempt Productivity 
Clutch size per-attempt 
 Prior to stepwise analysis 10 outliers were removed from the full model. Explanatory variables 
were removed stepwise from the model until none of the parameters were significant; the 
resulting MAM was the null model (Table 5.11).  
 
Table 5. 11. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Woodland -0.185 0.853 
3 Built -0.392 0.695 
4 Grass AES 0.429 0.668 
5 Winter Cereal 0.512 0.609 
6 Boundary 0.57 0.570 
7 Grassland -0.89 0.374 
8 WBS -0.95 0.340 
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Hatching Success per-attempt 
 A full model including seven fixed effects was fitted to the data. After the removal of 3 data-
points that were outliers, non-significant terms were removed sequentially from the full model 
(Table 5.12).  
 
Table 5. 12. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Winter cereal 0.271 0.786 
3 Grassland -0.568 0.570 
4 Grass AES -1.061 0.288 
5 Boundary -1.480 0.453 
6 Woodland -1.626 0.104 
 
The probability of tree sparrow chicks hatching successfully decreased with the area of WBS, 
grassland and woodland. Hatching success however, increased significantly with the habitat 
category “built” which represented farmyard buildings (Table 5.13). 
 
Table 5. 13. Estimated parameter and p values for each fixed effect present in MAM 
relating to the hatching success. The variance and standard deviation values associated 
with random effects are also given. 
Fixed Effects Estimate ± SE Z-value P  
Intercept 2.214 ± 0.190 11.648 <0.001 
WBS -3.181 ± 1.329 -2.394 <0.05 
Random Effects Variance ± SD   
Brood 0.503 ± 0.709   
Pair ID 0.502 ± 0.709   
Colony 0.061 ± 0.247   
Farm 0.010 ± 0.102   
Year 0.000 ±0.000   
 
The relationship between hatching and the proportion if WBM with 200m of nestboxes is 
displayed in Figure 5.5. Hatching success is high relative to small areas of WBS, as habitat 
coverage increases hatching success drops. As this relationship drops the associated confidence 
intervals widen. This shows that we are much more confident about the relationship between 
hatching success and habitat area coverage where hatching success is high. 
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Figure 5. 5. Probability that chicks hatched relative to the proportion of WBS present 
within 200m of nestboxes. WBS was identified as significant (Table 5.13) using 
backward stepwise deletion from a generalised linear mixed model. The vertical axis is 
labelled on the probability scale & a 95% confidence interval is drawn around the 
estimated effect. 
 
Fledgling success per-attempt 
A binomial GLMM was built to examine fledging success from which six outliers were 
removed. The order of explanatory variable deletion from the full model is outlined in Table 
5.14.  
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Table 5. 14. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
Step Variable removed Z-Value P 
2 Winter cereal -0.087 0.931 
3 Boundary 1.080 0.280 
4 WBS -1.305 0.192 
5 Grassland -1.684 0.921 
 
The best fitting model showed that fledging success improved as the areas of grass AES, 
winter cereal and built habitat increased (Table 5.15). 
 
Table 5. 15. Estimated parameter and p values for each fixed effect present in MAM 
relating to the fledging success. The variance and standard deviation values associated 
with random effects are also given. 
Fixed Effects Estimate ± SE Z-value P  
Intercept 1.231± 0.561 2.196 <0.05 
Grass AES 4.520 ± 1.842 2.454 <0.05 
Woodland -4.178 ± 1.725 -2.422 <0.05 
Built 6.727 ± 1.725 -2.422 <0.01 
Random Effects Variance ± SD   
Brood 0.872 ± 0.934   
Pair ID 0.000 ± 0.000   
Colony 0.181 ± 0.425   
Farm 0.000 ± 0.000   
Year 0.079 ±0.281   
 
Although positive relationships were recorded we can see that they are associated with a high 
degree of uncertainty; this is especially true for low habitat area coverage where fledgling 
success tends to be more variable (Figure 5.6).  
  
 
 
 
Figure 5. 6. Probability that chicks fledged relative to three significant variables (Table 5.15) chosen by backward stepwise deletion 
from a generalised linear mixed model: a) Grass AES, b) woodland and c) built habitat. For each covariate displayed probabilities are 
adjusted relative to the effects of the other variables modelled. The vertical axis is labelled on the probability scale & a 95% confidence 
interval is drawn around the estimated effect. 
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Number of fledglings per-attempt 
Seven outliers were removed from the full model. Next non-significant terms were removed 
sequentially from this model (Table 5.16).  
 
Table 5. 16. Order of explanatory variable deletion from the full model. P is the 
significance level at time of removal. 
 
 
 
 
 
 
The best fitting stepwise model (Table 5.17, Figure 5.7) indicated that the area of WBS 
surrounding nest boxes was negatively correlated with the total number of fledglings 
produced per breeding attempt. 
 
Table 5. 17. Estimated parameter and p values for each fixed effect present in MAM 
relating to the number of fledglings produced per brood. The variance and standard 
deviation values associated with random effects are also given. 
Fixed Effects Estimate ± SE Z-value P  
Intercept 1.472 ± 0.050 29.594 <0.001 
WBS -0.601 ± 0.288 -2.085 <0.05 
Random Effects Variance ± SD   
Brood 0.000 ± 0.000   
Pair ID 0.000 ± 0.000   
Colony 0.000 ± 0.000   
Farm 0.004 ± 0.063   
Year 0.001 ±0.028   
 
 
Step Variable 
removed 
Z-Value P 
2 Winter Cereal -0.060  0.952 
3 Boundary 0.338  0.735 
4 Grass AES 1.110  0.267 
5 Grassland -1.641  0.101 
6 Built 1.836   0.066 
7 Wood -1.278    0.201 
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Figure 5. 7. Number of fledglings in relation to the proportion of WBS present within 
200m of nestboxes. WBS area was identified as significant (Table 5.17) using backward 
stepwise deletion from a generalised linear mixed model. The vertical axis is labelled on 
the probability scale and a 95% confidence interval is drawn around the estimated effect. 
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5.4. Discussion 
This chapter explored tree sparrow habitat preferences and productivity over the nesting period, 
whilst considering how AES policy may reverse their continuing decline. For passerines, 
reduced breeding success has been recorded where invertebrate abundance has been reduced 
through agricultural intensification (Bradbury & Stoate, 2000; Brickle et al., 2000; Hart et al., 
2006). For that reason the finding that fledging success increased with the area of grass AES 
cover, coupled with larger colonies being attracted to grass AES habitat, confirms that these 
stewardship habitats benefit tree sparrows. In addition, the abundance of foliar tree sparrow 
chick food was significantly higher in this habitat (see Chapter 4, section 4.3.2.) and highlights 
the potential role grass AES plays in this species chick food provisioning. Habitats represented 
by this category (grass buffers, field corners, wildflower mix, and pollen and nectar mix) do 
not always contain appropriate chick food levels for other farmland birds. Holland et al., (2014) 
found that these flower-rich habitats contain high levels of grey partridge chick food, but levels 
of general chick food were no higher than in other commonly found stewardship habitats. 
Consequently, given the variation in chick food requirements and foraging strategies (Holland 
et al., 2006), a range of habitats offering different invertebrate resources and of varying 
vegetation structure may be needed to adequately provide for a suite of farmland birds.  
 
The impact of grass buffer strips on farmland biodiversity has been widely studied (Brickle & 
Harper, 2000; Perkins et al., 2002; Wilson, 2001; Douglas et al., 2009; Gilroy et al., 2009) and 
avian research in the United Kingdom (UK) has shown that grass margins will be heavily 
exploited by a variety of other species including yellowhammer, corn bunting and skylark 
while provisioning nestlings (Brickle & Harper, 2000; Morris et al., 2001; Perkins et al., 2002; 
Douglas et al., 2009). Although attempts were made to observe tree sparrow foraging they were 
too cryptic in their behaviour, therefore if the use of different habitats is to be better understood 
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then future work could employ the use of light-weight, back mounted GPS units. This was 
however, outside of the scope of the current study. 
 
The positive relationship between fledging success (total number of fledglings produced per 
pair over the breeding season and fledging success per breeding attempt) and built area may 
reflect the role of farmyards in providing spilt grain or livestock feed which might encourage 
granivorous adults, allowing them to stay in good condition over this period, potentially 
increasing foraging visitations (Lack, 1995; Gillings et al., 2005). Alternatively, untidy yards 
and buildings with areas of grass, common nettles Urtica dioica or European elder Sambucus 
nigra may increase chick food resources. Interestingly Gillings et al., (2005) found that a range 
of other granivorous species including house sparrow Passer domesticus, common chaffinch 
Fringilla coelebs and greenfinch Carduelis chloris, are positively associated with farmyard 
availability. It is important to note that sites were excluded from the study where boxes were 
located on houses or where housing and gardens fell within the absolute foraging range of a 
colony. This was done to remove the influence of garden feeders on analysis and ensure the 
results reflected a truly arable environment. 
 
Field & Anderson (2004) suggest tree sparrow colonies are often attracted to winter seed food 
resources, a finding that is confirmed by this study as colony size was shown to increase with 
the area of WBS. This suggestion seems to be ubiquitous amongst granivorous species where 
the provision of seed food over winter has resulted in higher breeding densities of adult birds 
(Robinson et al., 2002; Whittingham et al., 2005). However, despite the importance of WBS 
over winter my results point to a negative relationship between habitat area two measures of 
fledging success 1. The total number of fledglings produced per breeding attempt and 2. 
Fledging success per breeding attempt.  Contrary to Holland et al., (2014) WBS mixtures were 
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not found to contain high densities of chick food insects (see Chapter 4, section 4.3.2).  
Therefore this relationship may reflect the low abundance of chick food resources within one 
of their preferred habitats. Annual WBS strips were planted on the farms under investigation; 
annual strips are thought to provide more winter seed food whereas two-year strips, including 
kale are much better at providing invertebrates (P.Grice, pers comm), especially in the second 
year as invertebrate abundance increases relative to weed cover (J. Holland, unpublished data).  
 
WBS was also found to have no significant influence on the other measures of productivity 
under investigation. This finding was a surprise as one would expect that areas with a high 
coverage of WBS would function as a key seed source over this period.  If this was the case 
adult birds living in proximity to these seed rich resources would be in better condition, which 
may have a direct effect of increasing hatching success (a measure of fertility) or would allow 
adults to stay in good condition to breed for a prolonged period of time (i.e. they would be able 
to produce more broods). Perhaps however, seasonality is key to the non-significant impact of 
this habitat. WBS is primarily a winter habitat and for the majority of the tree sparrow breeding 
season it is represented by bare earth or short vegetation (personal observation). WBS is 
generally planted in April or May therefore during the peak breeding season (May-July) on the 
majority of sites where this habitat was present seeds were either unripe or not yet present and 
therefore of no benefit to adults. This may also explain why the abundance of tree sparrow 
chick food items within this habitat is low. Invertebrate abundance increases with vegetation 
height and structural diversity of a habitat (Morris & Lakhani, 1979; Eyre & Leifert, 2011) 
therefore WBS may only provide invertebrates in high abundance when they have had some 
time to develop.  
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Despite the high abundance of tree sparrow chick food items in pasture, neither measures of 
fledging success were related to the availability of this habitat. Grassland cover displayed a 
significant negative relationship with colony size. Field & Anderson's (2004) study compared 
foraging site selection by tree sparrow in agricultural and wetland habitat and showed that 
where grassland was present it was avoided as a foraging habitat. The findings of this chapter 
indicate that on a gradient of intensive farming this finding will hold true.  
 
Tree sparrow may avoid grassland due to the importance of vegetation features rather than food 
abundance in determining foraging habitat patch selection. Vegetation height, density and 
heterogeneity along with the proportion of bare ground present impact a bird’s ability to access 
food resources (Butler & Gillings, 2004; Devereux et al., 2004; Atkinson et al., 2004). By 
allowing grass swards to become tall, dense, and structurally diverse, invertebrate abundance 
and diversity will increase (Vickery et al., 2001; McCracken & Tallowin, 2004) but for species 
relying on visual cues when foraging, increased vegetation height will decrease their mobility 
along with their ability to find prey (Whittingham & Markland, 2002; Butler et al., 2005). For 
some species, using short swards or areas of bare ground may be necessary to expose the 
presence of avian predators (Moorcroft et al., 2002; Whittingham & Evans, 2004). This type 
of vigilance behavior is employed by ground feeding passerines, including yellowhammer, 
common reed bunting Emberiza schoeniclus, corn bunting and chaffinch and allows them to 
fly to cover to avoid predators (Moorcroft et al., 2002; Butler & Gillings, 2004).   
 
The apparent conflict between these requirements could offer support to providing mosaics of 
heterogeneous vegetation within grassland habitats (Benton et al., 2003).  Future investigations 
could focus on predator avoidance strategies of tree sparrow in an effort to determine whether 
a link exists between vegetation structure and foraging habitat choice. This may lead to the 
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development of new management options including the development of heterogeneity in 
grassland sward management. This kind of management strategy has had positive implication 
for other species including skylark. Their densities tripled where grass had been manipulated 
to create diverse swards (Teunissen et al., 2010). 
 
The final finding of this study was the negative relationship between 1.The number of eggs 
produced over the breeding season, 2. The number of fledglings produced over the breeding 
season or 3. Per-attempt fledging success and woodland area. This may be because this habitat 
does not contain suitable food resources for either adults or chicks or an appropriate foraging 
habitat. 
 
5.5. Conclusion 
The results of this chapter suggest that AES habitats which provide an abundance of chick prey 
items within the summer foraging range of occupied nest boxes will benefit breeding tree 
sparrow. The association of large tree sparrow colonies with WBS was not surprising as 
granivorous species are known to associate with seed bearing crop (Hancock & Wilson, 2003), 
but the implications of reduced fledging success in relation to this habitat is an important aspect 
of tree sparrow conservation that needs to be addressed and highlights the importance of habitat 
placement in the successful implementation of AES. 
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Chapter 6 
Linking agri-environment scheme 
habitats to chick food indices and 
measures of fledging success over 
time 
 
6.1. Introduction 
Over the last four decades agricultural advances contributing to intensified farming systems 
have been linked to declines in many elements of farmland biodiversity including arable plants, 
invertebrates and birds (Preston et al., 2002; Sotherton & Self, 2000; Newton 2004; New 2005). 
The causal factors relate to key changes over this period that resulted in the removal of habitats 
and resources important for foraging, roosting and nesting (Potts 2012). These changes 
included a move from spring to winter cropping (and consequent loss of over winter stubbles 
reducing winter seed food supplies), a trend from rotational mixed farming to farm and regional 
specialisation that reduced the number of ecological niches available to species, increased 
tillage related to high ground-nesting bird mortality, field enlargement through hedgerow 
removal has reduced the availability of  suitable nesting and foraging habitats for many species, 
the use of agrochemicals (insecticides and herbicides decrease the abundance of invertebrate 
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food items and seed resources) and a reduced area of uncropped land (important as a foraging, 
roosting and nesting habitat) (Ewald & Aebischer 2000; Sotherton & Self, 2000; Marshall & 
Moonen 2002; Newton 2004). These aspects of agricultural intensification occurred 
concurrently, making it hard to isolate their individual impacts (Newton, 2004). It is also likely 
that the importance of individual changes differed spatially and temporally (P. Grice, pers 
comm). 
 
Across Europe farmland bird population declines have echoed those seen here in the United 
Kingdom (UK; Donald et al., 2001; Donald et al., 2006). In response to these large-scale 
changes in biodiversity, grants for agri-environment scheme (AES) management aim to 
enhance farmland by limiting intensification and changing the timing of certain agricultural 
practices as well as providing novel solutions to biodiversity declines e.g. wild bird seed and 
nectar mix (Kleijn & Sutherland 2003; Natural England, 2013a, 2013b). The environmental 
objectives of the scheme are varied, on lowland farmland habitat bundles may be selected by 
landowners depending on whether management is aimed at farmland birds, arable plants, small 
mammals (e.g. hazel dormice Muscardinus avellanarius and bats), large mammals (e.g. brown 
hares Lepus europaeus) or nectar feeding insects (e.g. bees and butterflies; Natural England 
2013). 
 
Short-term studies have provided limited evidence for associations between AES habitat 
prescriptions and population level responses (Bradbury & Allan, 2003; Davey et al. 2010b). 
Suggesting that AES habitats may not have been in place for long enough to detect such effects 
or that that the unmeasured impact of habitat quality may be influencing results (Davey et al. 
2010a). The scale (percentage area cover) at which AES and other seminatural habitats occur 
in a landscape has also been raised as a serious issue for bird populations (Davey et al., 2010b). 
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Others have highlighted the importance of collecting productivity and survival measurements 
in understanding the demographic parameters that underline population changes in a farmland 
context (Siriwardena et al. 2000a; Bradbury & Allen 2003; Newton 2004).  
 
This chapter aims to link trends in the nest success of yellowhammer and chaffinch to the total 
chick food abundance provided by available agricultural and AES habitats using a 10 year 
dataset from the Game and Wildlife Conservation Trusts demonstration farm in Leicestershire, 
England.  
 
I focused on four AES habitat types found on arable farmland across the UK. These were wild 
bird-seed (WBS) – a commonly chosen AES options – and conservation headlands and beetle 
banks which are less frequently opted for. Beetle banks are grass-sown ridges that run through 
the center of fields; their primary function is to provide overwintering habitat for predatory 
arthropods. Their mid-field location aims to reduce the distance arthropods must disperse 
across arable fields (Thomas et al., 1991). Their benefits to foraging passerine are likely to be 
similar to grass buffer strips due to their similarities in structure and food supplies (Vickery et 
al., 2009). However, it is evident that further research is necessary to determine their use by 
foraging passerines. Conservation headlands (now known as cereal headlands for birds) were 
designed in Germany to safeguard declining native arable flora, they are introduced to farmland 
by reducing insecticide spray on cereal crop headlands (Schuhmacker, 1987). By the late 
1980’s they had been adopted by the Game and Wildlife Conservation Trust (GWCT) in 
Southern England to address the foraging needs of game-bird chicks (Sotherton et al., 2013). 
Similarly, WBS crops (excluding maize) were designed to provide both cover and nesting 
habitat for game birds along with winter seed provisions. Overwintering passerines such as 
yellowhammer Emberiza citrinella and common linnet Linaria cannabina, benefit from this 
                                                                                                      Chapter 6. AES annual trends 
152 
 
seed rich crop (e.g. Brickle, 1997; Stoate & Szczur, 1998). In some cases, WBS has also been 
shown to be of benefit to farmland birds during the breeding season (Parish & Sotherton, 2004; 
Holland et al., 2012).  
 
The potential benefits of these habitats were investigated in relation to two passerines that 
commonly occur on farmland in the UK and are thought to contrast in their use of in-field AES 
habitats; the yellowhammer (which frequently exploits both AES and crop habitats; Butler et 
al., 2009) and the common chaffinch Fringilla coelebs (whose use of ‘in-field’ habitats in 
summer is smaller <10% of foraging visits in Whittingham et al., (2001) compared to boundary 
edge). The yellowhammer is a grassland and scrub species that has adapted to lowland farmland 
when enclosed by hedges whereas the chaffinch is a habitat generalist of both woodland and 
enclosed farmland with a more catholic diet (Birdlife International, 2014; British Trust for 
Ornithology, 2014). They are both boundary nesting, mixed-diet species; this means they are 
dependent on grain and wild plant seed throughout their life cycle, relying on protein-rich 
invertebrate food only while rearing young (Holland et al., 2006). Invertebrate taxa are 
essential in the diet of their chicks and resource availability will directly impact chick growth 
and development along with their ability to resist chilling (Potts, 2012). Assessments of the 
availability and susceptibility of different food taxa to the aspects of agricultural change are 
therefore essential to determine the potential value of modern agricultural habitats to farmland 
chicks.  
 
The aims of this chapter were threefold; I wanted to examine annual variation in yellowhammer 
and chaffinch chick food items at both a farm and habitat level. I predicted invertebrates 
resources at the farm scale would fall over the sampling period, as nationally farmland 
invertebrates are in decline (New, 2005). I did however expect that habitats aimed at increasing 
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invertebrate food resources e.g. conservation headlands and beetle banks would house more 
stable invertebrate populations (Vickery et al., 2002).  I also wanted to identify the habitats that 
provided the highest level of chick food provisions. I expected conservation headlands and 
beetle banks to contain higher numbers of chick food items then conventional crop due to 
increased weed cover and/or floral cover (Vickery et al., 2002).  Finally I wanted to detect the 
factors most important in improving rates of fledging success and daily survival probability at 
the nestling stage (DSPn) e.g. predation control or invertebrate food resources. These nesting 
parameters were chosen as they represent the period when chicks are most likely to benefit 
from insect food resources. 
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6.2. Methods 
6.2.1. Study site  
Data was collected at Loddington Estate, a 3.33km2 lowland farm in Leicestershire, England. 
It is a demonstration farm that is owned and managed by the Allerton Research and Education 
Trust (ARET) as part of the GWCT.  ARET, as well as running a commercial agricultural 
business aims to advance knowledge on how different farming methods impact on wildlife and 
the environment. The main crops present over the 10 year survey period were wheat Triticum 
aestivum, barley Triticum spp, oats Hordeum distichon, oilseed rape Brassica napus and field 
beans Vicia faba. Although land-use was primarily arable, permanent pasture covered 
approximately 13% and woodland circa 9% of the estate.  
 
Since 1993, AES management has taken place on the estate with the aim of enhancing breeding 
and overwintering populations of galliformes and passerines (Stoate & Szczur, 2001b). The 
AES habitats on site included boundary options such as grass buffer strips, wildflower margins, 
conservation headlands (6m cereal crop headlands that receive reduced insecticide spray), 
permanent WBS strips and infield beetle banks.  
 
Between 1993 and 2001, a gamekeeper was employed to legally control nest predators. Foxes 
Vulpes vulpes were controlled from February, with the use of a rifle and spotlight at night, in 
combination with snares when necessary. Small mammals including brown rats Rattus 
norvegicus, stoates Mustela erminae and least weasels Mustela nivalis were managed between 
April and July, using a network of 200 Fenn traps. From April to July corvids (magpie Pica 
pica and carrion crows Corvus corone) were controlled by a combination of shooting and 
Larson traps. After 2001 predator control ceased on site. 
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6.2.2. Nesting Data 
Chaffinch and yellowhammer nesting data was collected between 1995 and 2007 (excluding 
1999 – 2001). Two field workers collected nest data following the code of practice outlined by 
the British Trust for Ornithology’s (BTO; Crick, 1999); they conducted systematic searches of 
field boundaries between March and August each year. Nest contents were checked every 3-4 
days until the nest either succeeded or failed. This information was used to obtain two measures 
of success at the fledging stage (i.e. the stage when young will most benefit from invertebrate 
food resources), DSPn and fledging success (proportion of hatchlings that resulted in 
fledging’s). A derivative of the Mayfield method was used to calculate DSPn (Mayfield, 1961) 
it estimates the likelihood of nest survival each day of the nestling stage, therefore all nests that 
failed at the laying or incubation stage were excluded in its calculation. 
 
6.2.3.  Habitat mapping and data extraction 
Digital maps of the site were produced using Arc GIS v10.2.1. Polygons were assigned to seven 
categories of interest by identifying potentially important foraging habitat for breeding 
yellowhammer and chaffinch (Table 6.1). To aid analysis some structurally or functionally 
similar habitat types were pooled into broader habitat groups (e.g. cereal crop).  Points were 
added to maps representing yellowhammer and chaffinch nest sites, and the habitat 
composition within 100m’s of nest sites was extracted. For yellowhammer and chaffinch, 
100m’s represented the average distance travelled for food whilst feeding nestlings, (Stoate et 
al., 1998; Whittingham et al., 2000; Perkins et al., 2002). The extracted data was then used to 
calculate the annual yellowhammer and chaffinch chick food abundance in each habitat type.  
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Table 6.1. Land use categories for habitats classifications on Loddington estate. 
 
 
 
 
 
 
 
 
 
6.2.4. Invertebrate abundance data 
Invertebrate data was collected annually in late June from each of the habitat categories listed 
in Table 6.1. Samples were taken using a D-vac suction sampler from fixed locations. Two 
edge (A and B) and one mid-field (M) sampling site was monitored in each field; at each 
sampling location (A, B and M) two sub-samples were taken. Each sub-sample consisted of 5 
sucks lasting 10 seconds each, corresponding to a sampling area of 0.5m2. Therefore combined 
samples at A, B and M sampling sites represented a total area of 1m2 each.  
 
Cereal conservation headlands refer to the outer 6m of cereal crops. They were rotational within 
the farm and were included on approximately one third of crop fields annually. Cereal 
conservation headlands were sampled indirectly as they were represented by A and B edge 
sampling sites. Therefore where conservation headlands were present cereal invertebrate 
samples had to be divided accordingly, this resulted in the cereal field being represented by 
only one mid-fled sample (M) and conservation headlands by two edge samples (A + B). 
Between 1995 and 1997 sample and map labelling made it difficult to distinguish between 
WBS and other grass AES habitats, as both were labelled as set-aside. Therefore habitats 
labelled set-aside were added to the habitat category WBS. 
 
Habitat code Component 
Cereal Winter wheat, winter barley, oats  
Pasture Permanent pasture 
Broadleaf OSR, Linseed, winter beans, spring beans 
Beetle bank Beetle bank 
Conservation headland Conservation headland 
Grass AES Grass buffer strips, enhanced wildflower mix 
margins  and undefined grass set-aside 
WBS Set aside strips planted with wild bird seed 
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The abundance of chaffinch and yellowhammer chick food items was calculated at each 
sampling location. For yellowhammer chicks, Hart et al., (2006) identified Araneae, Diptera 
(Tipulidae), Coleoptera, Hemiptera and Lepidoptera larvae as important elements in their diet. 
When calculating yellowhammer chick food abundance at Loddington however, I modified 
this calculation to include a measure of total Diptera abundance, in place of tipulid abundance. 
A study by Moreby & Stoate (2001) focused on the contribution of different invertebrate taxa 
to the nestling diet of yellowhammer, dunnock Prunella modularis and whitethroat Sylvia 
communis in Loddington. They showed that for yellowhammer Diptera abundance comprised 
23.38% of chick diet, whereas the component group tipulids represented only 11.34%. 
Therefore excluding other Diptera families in this calculation may have underestimated the 
abundance of potential chick food items for this species. For chaffinch food items representing 
>5% of the proportion of chick diet were identified as key dietary components. A review of 
farmland bird diet across Europe highlighted these as Araneae, Coleoptera, Diptera, 
Ephemeroptera, Hemiptera, Symphyta larvae and Lepidoptera larvae (Holland et al., 2006). 
For analysis relating to nesting success a measure of chaffinch and yellowhammer insect food 
density surrounding the nest was calculated by multiplying the area of each habitat type by the 
mean annual chick food abundance per square metre of that habitat (Table 6.2). 
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Table 6. 2. Mean number of yellowhammer (YH) and chaffinch (CH) food items found 
in the habitats investigated. – indicates that the taxa is not a food items for a given bird 
species. 
Species Habitat Araneae Lepidoptera Symphyta Coleoptera Diptera Hemiptera 
YH BB 2.650 0.183 – 4.996 39.546 52.625 
 Broadleaf 0.597 0.181 – 9.046 45.038 45.139 
 Cereal 2.006 0.111 – 6.872 37.448 53.564 
 CH 1.385 0.061 – 5.957 27.080 65.517 
 Other 4.651 3.101 – 10.85 53.488 27.907 
 Pasture 2.950 0.166 – 4.278 63.623 28.983 
 WBS 1.963 0.209 – 9.671 27.919 60.238 
CH BB 2.645 0.183 0.180 4.987 39.475 52.531 
 Broadleaf 0.597 0.181 0.073 9.039 45.004 45.106 
 Cereal 2.004 0.111 0.101 6.865 37.410 53.509 
 CH 1.384 0.061 0.055 5.954 27.065 65.481 
 Other 4.511 3.008 3.008 10.526 51.880 27.068 
 Pasture 2.942 0.166 0.244 4.267 63.468 28.912 
 WBS 1.960 0.209 0.167 9.655 27.872 60.137 
 
6.2.5. Data Analysis 
Data exploration was conducted before addressing these questions (Zuur et al.,  2010). Rv3.03 
was used to explore data and perform all statistical analysis (R Core Development Team, 2014). 
Potential co-linearity between explanatory variables present in fledging success and DSPn 
models was first investigated. The explanatory variables of interest in these models were the 
chick food abundance of beetle banks, conservation headlands, cereal crops, broadleaf crops, 
permanent pasture and WBS along with a measure of nest concealment and the 
presence/absence of a gamekeeper. Pearson correlation coefficients with multi-panel scatter 
plots were used for chaffinch and yellowhammer datasets to show both linear and non-linear 
relationships between these explanatory variables. For chaffinch and yellowhammer DSPn and 
fledging success datasets this test showed the invertebrate abundance of conservation 
headlands and cereal crop had high positive correlation values between 0.74 and 0.89. The use 
of a second measure of co-linearity, Variance Inflation Factors (VIFs) had values between 2.5 
and 6, values below 3 are considered to indicate an acceptable level of co-linearity (Zuur et al., 
2013). Therefore it was decided to exclude cereal crop from further analysis. Reducing co-
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linearity between variables will allow coefficients in the model to be estimated precisely. Next 
the spread of the data was investigated using Cleveland dotplots and histograms. This resulted 
in the log (+1) transformation of invertebrate abundance explanatory variables. 
 
Annual variation in chick food items at a farm and habitat level was investigated through the 
use of Poisson distributed Generalised Linear Models (GLM). A Generalised Linear Mixed 
Effect Model (GLMM) however, was used to examine whether differences in invertebrate 
abundance existed between habitat types, models for chaffinch and yellowhammer included 
year as a random effect. Both models had a negative binomial distribution to account for 
overdispersion that was evident in the data. 
 
DSPn and fledgling success data for chaffinch and yellowhammer was pooled between years 
due to limited sample sizes, this was deemed acceptable as GLMs revealed no between year 
differences (Appendix 8). Nest success data was analysed using Information Theory 
procedures (Burnham & Anderson, 2002). 5040 models were compared and ranked by their 
Akaike Information Criterion (AIC) value, this considers both the model fit and simplicity 
(however AIC’s penalty for model complexity is relatively small; Burnham & Anderson 2002; 
Murtaugh, 2009). The model that best fits the data is identified by having the smallest AIC 
value. We highlighted parameter estimates of models that represented >5% of the variation in 
the dataset using the package MuMIn (Bartoń,  2015).  This package allowed each variable to 
be tested in turn and then in all potential additive combinations.  
 
DSPn was analysed using a GLM, with a logit link function and binomial errors (Hazler, 2004; 
Aebischer, 2009; White et al., 2008). The response vector contains the number of days 
fledglings survived and the numbers of days the fledglings were monitored, this is transformed 
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to logits on the log-odds scale via the link function (White at al., 2010; Crawley, 2012). The 
‘Last Active-B’ approach was used in calculating exposure days (Hazler, 2004). Fledgling 
success was also modeled using a binomial GLM, the response variable was a dual vector of 
the proportion of chicks which fledged successfully and the proportion that did not. These 
models also included variables representing nest exposure along with whether a gamekeeper 
had been present on site. 
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6.3. Results 
6.3.1. Annual trends in chick food abundance  
Quasipoisson distribute GLMs of yellowhammer and of chaffinch chick food abundance 
showed significant overall declines at a farm level between 1996 and 2007 (Table 6.3, Figure 
6.1).  
 
Table 6.3. Quasipoisson distributed GLM for annual trend in yellowhammer and 
chaffinch chick food abundance. The estimated slope (± SE), t and p values are given. 
N=1357. 
 
 
A       B 
 
Figure 6. 1. Predicted mean annual variation in (a) yellowhammer and (b) chaffinch 
chick food abundance per m2 of farmland. Error bars represent 95% confidence limits. 
 
 
Species Year Estimate SE T value P 
Yellowhammer Intercept   58.612 ± 10.520    5.571 <0.001 
 Year    -0.026 ± 0.005   -5.021 <0.001 
Chaffinch Intercept   57.912 ± 10.511    5.510 <0.001 
 Year    -0.026 ±  0.005  -4.958 <0.001 
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6.3.2.  Annual trends in chick food abundance in relation to habitat types 
Yellowhammer chick food abundance declined significantly in cereal crop, conservation 
headlands and WBS between 1995 and 2007 (Table 6.4; Figure 6.2). No significant trend was 
seen in the beetle bank, broadleaf crop or pasture data (Table 6.4). 
 
Table 6.4. Results of quasipoisson distributed GLMs for annual trends in 
Yellowhammer chick food abundance in beetle banks (n=48), cereal crop (n=431), 
Conservation headlands (n=186), broadleaf crop (n=354), Pasture (n=169) and WBS 
(n=114). The estimated intercept (± SE), estimated slope (± SE), z and p values are 
given. 
Habitat Intercept ± SE Estimate ± SE Z-value P 
Beetle bank  -15.109 ± 44.978  0.011 ± 0.023  0.473   0.638 
Cereal crop    55.511 ± 14.839 -0.025 ± 0.007 -3.354 <0.001 
Conservation headland  139.745 ±24.874 -0.067 ± 0.012 -5.369 <0.001 
Broadleaf    21.474 ± 19.843 -0.008 ± 0.001 -0.787   0.432 
Pasture  -42.342 ± 33.580  0.024 ± 0.017  1.413   0.160 
WBS 118.354 ± 52.688 -0.056 ± 0.026 -2.142 <0.05 
 
Similar patterns of decline were apparent in the chaffinch chick food abundance data and 
significant declines were found in cereal crop, conservation headlands and WBS between 1995 
and 2007 (Table 6.5; Figure 6.3). No significant trend was seen in the beetle bank, broadleaf 
crop or pasture data (Table 6.5). 
 
Table 6.5. Results of quasipoisson distributed GLMs for annual trends in Chaffinch 
chick food abundance in beetle banks (n=48), cereal crop (n=431), Conservation 
headlands (n=186), broadleaf crop (n=354), Pasture (n=169) and WBS (n=114). The 
estimated intercept (± SE), estimated slope (± SE), z and p values are given. 
Habitat Intercept ± SE Estimate ± SE Z-value P 
Beetle bank  -36.844 ± 47.400  0.022 ± 0.024  0.903   0.444 
Cereal crop   54.842 ± 14.832 -0.025 ± 0.007 -3.310 <0.01 
Conservation headland 139.150 ± 24.856  -0.067 ± 0.012  -5.349  <0.001   
Broadleaf   21.499 ± 19.904 -0.008 ± 0.010 -0.787   0.432 
Pasture -43.426  ± 33.562  0.024 ± 0.017  1.446   0.150 
WBS 116.825 ± 52.585  -0.056 ± 0.026 -2.117 <0.05 
 
  
 
 
 
A         B           C 
 
Figure 6.2. Predicted mean annual variation in yellowhammer chick food abundance in (a) cereal crop, (b) conservation headland and 
(c) WBS. 95% confidence intervals are drawn around the estimated effects. 
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A       B      C 
 
Figure 6. 3. Predicted mean annual variation in chaffinch chick food abundance in (a) cereal crop, (b) conservation headland and (c) 
WBS. 95% confidence intervals are drawn around the estimated effects. 
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6.3.3.  Effect of habitat type on chick food abundance  
Yellowhammer chick food abundance in habitat types was measured using a negative binomial 
GLMM that included year as a random effect.  Mean yellowhammer chick food abundance was 
significantly lower in broadleaf crops, cereal crops, permanent pasture, and WBS than in beetle 
banks. No significant difference was recorded between yellowhammer chick food abundance 
in beetle banks and conservation headlands (Figure 6.4; Table 6.6). 
 
Figure 6. 4. The total number of yellowhammer chick food invertebrates per m2 (mean 
± SE) recorded (n=1316). The mean and standard errors of model estimates were back 
transformed for graphical representation. Stars above bars indicate a significant 
difference from beetle banks. 
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Table 6.6. Results of negative binomial distributed GLMM for differences in 
yellowhammer chick food abundance between habitat types (n = 1316). Year was 
included as a random effect. The estimated slope (± SE), z and p values are given. 
Habitat Estimate ± SE Z-value P 
Beetle bank  6.193 ± 0.157 39.57 <0.001 
Broadleaf crop -0.309 ± 0.097 -3.17 <0.01 
Cereal crop -0.465 ± 0.096 -4.83 <0.001 
Conservation headland -0.152 ± 0.104 -1.46   0.144 
Pasture -1.167 ± 0.104 -11.22 <0.001 
WBS -0.787 ± 0.109 -7.19 <0.001 
 
Chaffinch chick food abundance was also compared between six habitat groups using a 
negative binomial mixed effect model. Chaffinch chick food abundance was significantly 
lower in broadleaf crops, cereal crops, permanent pasture and WBS compared to beetle banks 
(Figure 6.5; Table 6.7).  
 
Figure 6. 5. The total number of chaffinch chick food invertebrates per m2 (mean ± SE) 
recorded (n=1316). The mean and standard errors of model estimates were back 
transformed for graphical representation. Stars above bars indicate a significant 
difference from beetle banks. 
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Table 6.7. Results of negative binomial distributed GLMM for differences in chaffinch 
chick food abundance between habitat types (n = 1380). Year was included as a random 
effect. The estimated slope (± SE), z and p values are given. 
Habitat Estimate ± SE Z value P 
Beetle bank (Intercept)  6.195 ± 0.156 39.66 <0.001 
Broadleaf crop -0.310 ± 0.097 -3.19 <0.01 
Cereal crop -0.466 ± 0.096 -4.84 <0.001 
Conservation headland -0.152 ± 0.104 -1.47   0.142 
Permanent pasture -1.165 ± 0.104 -11.23 <0.001 
WBS -0.785 ± 0.109 -7.19 <0.001 
 
 
6.3.4. Trends in Nest Success 
Daily survival probability  
Yellowhammer and chaffinch daily survival probability was modelled against the chick food 
invertebrate abundance of five habitat types (beetle bank, WBS, conservation headlands, 
permanent pasture and broadleaf crops), in addition to variables relating to nest exposure and 
the presence/absence of a gamekeeper. There was no apparent response-specific pattern for 
either the yellowhammer or the chaffinch daily survival probability models, this suggests that 
food is not limiting relative to the density of the birds nesting. For both of these model selection 
procedures the null model was ranked highest out of the 5,040 candidate models (Table 6.6).  
Table 6.8. Highest ranking yellowhammer and chaffinch DSPn models. Details of the 
degrees of freedom (DF), AIC values, differences in AIC values and Akaike weights for 
all models are included. 
Response Model DF AIC AIC 
differences 
Akaike 
weights 
Yellowhammer DSPn Null 1 643.88 0.000      0.11 
Chaffinch DSPn Null 1 673.48          0.000  0.10 
 
 
Fledgling success  
Investigations into yellowhammer and chaffinch fledging success also involved the comparison 
of 5,040 candidate models. For yellowhammer the highest Akaike weight related to the 
gamekeeper model, which received a weight of 0.06. This was followed by an additive models 
                                                                                                      Chapter 6. AES annual trends 
 
168 
 
that included variables relating to gamekeeping and their yellowhammer chick food 
abundances in conservation headlands, WBS or pasture (Table 6.7). 
 
Table 6.9. Top five alternative models with Akaike weight > 0.04, details of the degrees 
of freedom (DF), AIC values, differences in AIC values and Akaike weights are included 
for all models. 
Model DF AIC AIC 
differences 
Akaike weights 
Exposure + Gamekeeper  3 377.88         0.000      0.06 
Exposure + Gamekeeper + Beetle 
bank invertebrates 
4 378.38         0.49 0.04 
Exposure + Gamekeeper + WBS 
invertebrates  
4 378.67 0.78 0.04 
Exposure + Gamekeeper + Pasture 
invertebrates 
4 378.69 0.80 0.04 
Gamekeeper 2 378.87 0.99 0.04 
 
These models highlight that the presence of a gamekeeper increased the likelihood of a brood 
fledging successfully (Table 6.8). The presence of a gamekeeper explained 22% of the 
variation in the data.
  
 
 
 
 
 
 
Table 6.10. Results of GLM for yellowhammer fledging success. The most optimum models (with Akaike weight of >0.04) are displayed. 
Estimates and p-values (in brackets) are given. Variables that are not present in a given model are indicated as -. Exposure = EX; 
Gamekeeper = GK; Beetle bank invertebrates = BBI; Wild bird seed invertebrates = WBSI; Pasture invertebrates = PI.  
 
 
Fixed Effect EX + GK EX + GK + BBI EX + GK +  WBSI EX + GK + PI GK 
Akaike weight 0.06 0.04 0.04 0.04 0.04 
Exposure 0.218 (0.09) 0.219 (0.09) 0.209 (0.106) 0.205 (0.129) - 
GK (Present) 0.401 (<0.05) 0.414 (<0.05) 0.421 (<0.05) 0.397 (<0.05) 0.379 (<0.05) 
BBI - 0.192 (0.218) - - - 
WBSI - - 0.015 (0.270) - - 
PI - - - -0.102 (0.279) - 
169 
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For chaffinch the highest Akaike weights related to the invertebrate abundance of WBS habitats 
(0.12). The second and third highest-ranking model also included additive variables 
representing the invertebrate abundance of pasture and beetle banks (Table 6.9). 
 
Table 6.11. Comparison of alternative models with Akaike weight > 0.05 with details of 
the degrees of freedom (DF), AIC values, differences in AIC values and Akaike weights 
for all models. 
Model DF AIC AIC 
differences 
Akaike weights 
WBS invertebrates  2 35.87         0.000      0.12 
Pasture + WBS invertebrates 3 36.96          1.09  0.07 
Beetle Bank  + WBS invertebrates 3 37.32 1.45 0.06 
 
 
Neither of the highest ranking chaffinch fledging models revealed significant associations 
(Table 6.10), but these models explain only 14% of the variation in the data. 
 
Table 6.12. Results of GLM for chaffinch fledging success. The most optimum models 
(with Akaike weight of >0.05) are displayed. Estimates and p-values (in brackets) are 
given. Variables that are not present in a given model are indicated as -. Beetle bank 
invertebrates = BBI; Wild bird seed invertebrates = WBSI; Pasture invertebrates = PI. 
Fixed Effect WBS WBS + Pasture WBS + Beetle bank 
Akaike weight 0.12 0.07 0.06 
WBSI 0.206 (0.095) 0.206 (0.095) 0.220 (0.084) 
PI - -0.041 (0.562) - 
BBI - - -0.087 (0.277) 
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6.4. Discussion  
6.4.1. Annual trends in chick food abundance 
Annual trends in yellowhammer and chaffinch chick food items were investigated at both a 
farm and a habitat level. At a farm level an overall downward trend in chick food abundance 
could be seen for both yellowhammer and chaffinch. This trend is in agreement with previous 
studies that highlight the fall in chick food abundance across farmland. For example, a long-
term study of invertebrates on ca.100 fields in Sussex showed that when Collembola were 
excluded from counts, the total number of invertebrates sampled had almost halved between 
1979 and 1989 (Aebischer, 1990). This long term decline in farmland invertebrates may mean 
that adults have to sacrifice their own condition by working harder to feed chicks, at a possible 
cost to their own survival and reproduction (Bright, 2004) additionally nesting densities (but 
not necessarily chick output) may be reduced. 
 
When the chick food trends were divided into habitat specific groups we can see some 
differences in the patterns that emerge. Significant declines were recorded in three habitats, 
cereal crop, conservation headlands and WBS. Pesticides are usually cited as the primary cause 
of declines (Aebischer, 1990; Wilson et al., 1999) and it is possible the changes in pesticide 
regime and the introduction of neonicotinoids to the UK in the early 1990’s affected 
invertebrates in cereal crop and conservation headlands (through pesticide drift), directly 
through mortality of non-target invertebrates (Aebischer, 1990; Moreby et al., 1997) but also 
via herbicide use causing loss of weed food (Moreby & Southway, 1999). Yellowhammer chick 
food abundance in beetle banks was relatively stable over the survey period; this was expected 
as grass strips provide over-wintering sites to farmland invertebrates (Sotherton & Rands, 
1987; Andersen, 1997; Pfiffner & Luka, 2000; Vickery et al., 2009). Chick food in WBS 
declined significantly after 1998, which may be attributed to the age of the WBS strips. WBS 
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is not designed for summer invertebrate provision and is usually a rotational option, not kept 
for longer than 2-3 years, but had fixed locations at Loddington. Invertebrate abundance and 
diversity peaks approximately two years post-establishment after which point it is expected to 
fall again (Cook et al, 2007; Woodcock  et al.,  2008; Kuiper  et al., 2013).  
 
6.4.2. Effects of habitat type on chick food abundance 
The diet of the two bird species investigated were similar and differed only by the addition of 
symphyta to chaffinch diet. Symphyta abundance was low in samples therefore between 
species results this resulted in the abundance of yellowhammer and chaffinch chick food items 
displaying the same pattern. Chick food items were significantly lower in broadleaf crops, 
cereal crops, pasture and WBS than in beetle banks. No significant difference in their 
abundance was recorded between beetle banks and conservation headlands. These results 
therefore highlight the importance of beetle banks and conservation headlands in creating a 
diverse farmland environment rich in invertebrates.  
 
Beetle banks are included on arable farms as supplementary overwintering sites for beneficial 
arthropods, in an effort to counteract declines in the proportion of hedgerow available across 
UK farmland (Thomas et al., 2001). Additional secondary benefits of options designed for 
other purposes have been recorded on several occasions. For example, the density of female 
corn bunting Emberiza calandra, was positively influenced by low input extensively managed 
cereal resources (Setchfield et al., 2012) and in-field nesting options designed for stone curlew 
Burhinus oedicnemus are used more frequently by foraging corn bunting, Eurasian skylark 
Alauda arvensis, linnet and yellowhammer compared to arable crops (MacDonald et al., 2012). 
Ornithological research relating to beetle banks has focused on the benefit of this habitat to the 
widely studied grey partridge Perdix perdix showing that it is a preferable foraging habitat 
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compared to pollen and nectar mixtures, which are generally too dense and damp for partridge 
chicks to forage in (Winspear et al., 2010). They also increase grey partridge over wintering 
densities when compared to nesting cover (Thomas et al., 2001; Ewald et al., 2010).  For 
passerines, little research has been conducted to determine the influence of beetle banks on 
foraging or nesting activity, but the benefits of increased invertebrate food resources are 
thought to be similar to those recorded in sown grass buffer strips due to the structural and 
compositional similarities (Vickery et al., 2009). 
 
Conservation headlands were found to be a good source of yellowhammer and chaffinch chick 
food. My result supports that of previous studies, which show that that the exclusion of 
herbicides and insecticides from cereal crop headlands resulted in a three-fold increase in insect 
abundance when compared with areas under normal management with pesticide sprays 
(Sotherton, 1991). High chick food abundance in combination with an open habitat structure 
has resulted in preferential use of this habitat by the chicks of common pheasants Phasianus 
colchicus as well as adult grey partridge and red-legged partridge Alectoris rufa (Rands, 1985; 
Ewald et al., 2010; Potts, 2012).  The benefits of cereal headlands to passerines such as 
yellowhammer are not well understood. Green et al. (1994) showed that robin Erithacus 
rubecula, greenfinch Chloris chloris and song thrush Turdus philomelos populations 
occupying hedgerows adjacent to crops receiving reduced levels of pesticides were lower than 
those beside headlands that were fully sprayed if populations were not limited by summer food. 
The remaining species showed non-significant differences in the same direction. Cole et al., 
(2007), also reported that passerines did not use reduced input cereal headlands more than 
conventionally managed ones, concluding that this was linked to habitat structure. The opposite 
has also been reported however, with suggestions that corn bunting, whitethroat, chaffinch, 
greenfinch and yellowhammer distribution is related to in-field areas receiving limited or no 
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agro-chemical input (Stevens & Bradbury, 2006). This is supported by Frampton & Dorne’s 
(2007) meta-analysis. They showed that herbicide restriction on crop edges most positively 
influenced chick food populations. Disagreement between the studies outlined above, however, 
implies that further research is needed in this area (e.g. foraging experiments to determine the 
benefits and use of conservation headlands by foraging passerines) and suggests that the bird 
populations measured in the above studies may not be limited by summer chick food, which in 
anycase may not be limited if the birds are distributed with density dependence.  
 
6.4.3. Trends in nest success 
I found no universal benefit or hidden cost of AES chick food abundance to chaffinch or 
yellowhammer nestlings. The chick food abundance of WBS was the only habitat category that 
approached significance and the models containing this variable best fit the chaffinch fledging 
success data. Although you would expect chaffinch to benefit from the presence of WBS 
further investigation is needed; Baker et al., (2012) found that the population growth rate of 
chaffinch was negatively related to this habitat suggesting the habitat is representing a surrogate 
for an unmeasured variable e.g. increased predation or a disease source.  
 
Morris et al., 2001 showed that non-cropped habitats are the principal foraging habitat used by 
yellowhammer in the breeding season. As I found no association between yellowhammer and 
AES invertebrate abundance this result may suggest that other factors such as predation risk 
and food accessibility are more important than food abundance in determining where these 
species will forage. There are however a number of alternative reasons why the invertebrate 
abundance of these habitats may not have explained fledging success or DSPn 1) A relatively 
small sample size was used to calculate the annual chick food abundance in each habitat type; 
2) the insect sampling method did not account for adults potentially foraging in chick food 
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hotspots; 3) replicate specific chick food measurements may be more appropriate than habitat 
level calculations; 4) AES habitats may offer complementary resources when positioned near 
to each other (Natural England, 2010; Winspear et al., 2010), but data was too sparse to include 
interaction terms in candidate models; a larger scale study might be able to address this issue.  
 
Yellowhammer fledging success was higher when predation control was carried out at 
Loddington. Yellowhammer are known to be more vulnerable to predation by corvids and 
rodents as the majority of their nesting attempts will be on the ground (Ferguson-Lees et al., 
2001; Weidinger, 2002). In comparison, chaffinch build their nests between one and four 
metres above ground in bushes, hedges or trees (Ferguson-Lees et al., 2011). For 
yellowhammer, the top models contained both the predator control variable alone and as an 
additive covariate with the invertebrate abundance of cereal conservation headlands, WBS or 
pasture.  However, it should also be noted that the keepered period coincides with the period 
when invertebrate abundance was highest. Data exploration using Pearson correlation 
coefficients with multi-panel scatter plots showed only week correlations between these two 
variables, therefore it was deemed acceptable to include both covariates in nest success models. 
Future studies could however further avoid this problem by monitoring two farms and 
swapping the predator control treatment between sites at the end of a fixed period.  
 
Studies have recorded high avian mortality due to predation; for example, O’Connor (1991) 
reviewed 74 nesting success studies and concluded that one third of nests failures were caused 
by predation. Support for predator control also comes from experimental studies that have 
indicated that predator removal improves nest success and increases subsequent population 
abundance (e.g. Tapper et al., 1996, Stoate & Szczur, 2005). This is supported by Smith at al., 
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(2010), they conducted a systematic review which showed that predator control increased 
hatching success, fledging success and breeding population size with smaller effect sizes for 
birds that nest on the ground. A meta-analysis, however, has shown that while predator removal 
increases hatching success and autumn population densities, its influence on future breeding 
populations was often insignificant (Cöté & Sutherland, 1997) and Newton (2004) found that 
predator control emerged only as a secondary factor in the decline of ground-nesting birds. The 
effects of predator removal may also vary between species depending on their nesting habits 
(Cramp, 1988) together with their population status and trends (Cöte & Sutherland, 1997). The 
benefits of predator control are also dependent on the local abundance of predators (Bolton et 
al., 2007) and the effort put into predator control, as both of these factors influence 
recolonisation rates (Bolton et al., 2007). 
 
For yellowhammer increased predation risk also relates to chick food availability, when food 
is scare during the breeding season, yellowhammer take more risks when foraging for chick 
food (Dunn et al., 2010b).  A homogenous landscape devoid of AES habitats may reduce the 
availability of insect food and further contribute to yellowhammer declines by increasing 
predation rates via two scenarios; 1. Whilst adults are foraging they are more likely to be 
predated and if they are predated their nest will fail and 2. While adults are away something 
could predate the nest.  
 
6.5. Conclusion 
The results of this chapter show that yellowhammer and chaffinch chick food abundance has 
declined at a farm scale over the study period, a finding that agrees with previous studies. 
Yellowhammer and chaffinch chick food abundance was highest in beetle banks and 
conservation headlands. Despite their potential importance in providing food for chicks, these 
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are two habitats that are not commonly encountered on farmland. Differences in the 
invertebrate abundance of the investigated habitats did not affect the fledgling success of 
chaffinch or yellowhammer, but yellowhammer fledging success was improved by the 
presence of a gamekeeper and the benefits of predator control to this species are most likely 
linked to their tendency to nest on the ground.  
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Chapter 7 
Conclusion 
7.1. Thesis summary 
In this thesis, I have attempted to answer a wide range of questions that relate habitat 
coverage and quality to breeding farmland passerine species and functional groups. The 
thesis may be divided into four broad sections focused on territory selection (Chapter 
three), foraging habitat use (Chapter two), chick diet (Chapter four) and breeding 
success (Chapter five and six). 
 
Chapter one laid the groundwork for later chapters by outlining the causes of farmland 
bird declines, discussing existing knowledge of agri-environment schemes (AES) in 
reversing these trends, as well as highlighting the pitfalls of current research. In Chapter 
two, I investigated the use of two marginal AES habitats, grass buffer strips and 
wildflower margins by foraging insectivores, mixed diet species and the passerine 
community in general. I found that bird numbers on grass-only and wildflower margins 
did not differ significantly.  The more insects a margin contained however, the greater 
its use by mixed diet farmland birds; this relationship was also present in the total 
passerine count data. With this in mind, Chapter three focused on territory selection in 
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yellowhammer Emberiza citronella to determine whether their location was also 
influenced by chick food abundance or whether the distribution and quantity of AES 
and nesting habitats were more likely to influence their choice. Territory location was 
strongly related to the presence of suitable nesting features such as hedgerows and song 
posts, and territories were more likely to be located where hedges had been cut prior to 
breeding. Consequently, when trying to encourage farmland birds such as 
yellowhammers it is important to provide insect-rich foraging habitats alongside 
important nesting habitats. 
 
This led to the development of Chapters four and five; which were focused on how 
AES can affect chick diet and survival. The tree sparrow Passer montanus was the 
focus of these chapters as they are easy to monitor due to their association with nest 
boxes and are central place foragers, meaning that they are restricted in the distance 
they can travel in search of chick food (approx. 200 m: Summer-Smith, 1995; Deckert, 
1962). Because of this, I was able to compare the food niche of nestlings between nest 
boxes with and without access to AES habitats aimed at foraging birds. I found little 
difference between the two treatments investigated, but chicks at control sites ate more 
Coleoptera.  Using Vortis (Burkard Manufacturing Co. Ltd.) and sweep net sampling 
methods I compared chick food abundance between different agricultural and AES 
habitat types. Sweep net samples showed that grass AES and permanent pasture 
supported a higher abundance of food items, whereas WBS and spring cereal were poor 
sources of chick food. Similar results were seen with Vortis samples showing that both 
grassy habitats held a greater number of prey items than spring cereal. 
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When I investigated how the coverage of these habitats related to tree sparrow colony 
size I found that larger colonies were associated with larger areas of grass AES and 
WBS, whereas colony size showed a negative association with pasture. But colony size 
may also be influenced by factors outside the breeding season such as overwinter 
survival. Fledging success increased with the area of grass AES, whereas hatching 
success and number of fledglings decreased with area of WBS. These results probably 
represent the interaction between food abundance and habitat accessibility on foraging 
sites selection and nestling provisioning rate. 
 
Finally Chapter six addressed one of the main weaknesses of most current AES studies 
to date; that the majority of them use only short-term data sets. We used an eleven-year 
dataset to link trends in yellowhammer and common chaffinch Fringilla coelebs nest 
success to the total chick food abundance provided by available agricultural and AES 
habitats. Total chick food abundance acted as a measure of habitat quality whilst 
accounting for other factors likely to influence nest success namely predator control 
and nest concealment.  Neither fledging success nor the daily survival probability of 
nestling (DSPn) were however, influenced by the chick food abundance in the habitats 
investigated. Yellowhammer fledging success was higher whilst predator removal took 
place on site, this is a finding that merits further investigation due the potential link 
between chick food availability and risk-taking in adults (Dunn et al., 2010b). 
 
7.2. Future directions 
7.2.1. Habitat use 
There has been relatively little work on breeding passerine habitat use in relation to 
AES. The most relevant papers (Whittingham et al. 2001a, 2001b) provide evidence 
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that chaffinch and yellowhammer will forage in grass margins while breeding. 
Traditional methods of determining habitat use, however, are difficult as the observers 
line of vision may be obstructed during watches due to site and landscape features, a 
problem encountered in Chapter five.  Today we are at the forefront of technological 
advances in this area, with GPS loggers and radio-telemetry becoming available to 
study the movements of larger birds including waders such as woodcock Scolopax 
rusticola and Northern lapwing Vanellus vanellus (Hoodless & Hirons, 2007; 
Rixhenback et al., 2011), raptors (e.g. golden eagle Aquila chrysaetos; Lanzone et al., 
2010 and booted eagle Hieraaetus pennatus; Martines et al., 2006) and gamebirds (e.g. 
grey partridge Perdix perdix; Rantanen et al., 2010 and common pheasants Phasianus 
colchicus; Draycott et al., 2008) to name but a few. In the coming years the 
advancement of this technology for use on smaller species could provide valuable 
information on fine scale habitat use and could be particularly important for 
determining the value of different habitat types to foraging passerines.  
 
7.2.2. Vegetation structure 
From the literature the importance of vegetation features in determining foraging 
habitat patch selection by birds is clear (e.g. Atkinson et al., 2004). By allowing grass 
swards to become tall, dense, and structurally diverse, invertebrate abundance and 
diversity will increase (Vickery et al., 2001; McCracken & Tallowin, 2004).  For 
species relying on visual cues when foraging, however, increased vegetation height will 
decrease their mobility along with their ability to detect prey (Whittingham & 
Markland, 2002; Butler et al., 2005) and vegetation structure will impact predator 
avoidance strategies. Providing heterogeneous swards influences the foraging activity 
of yellowhammer (Douglas et al., 2009), however its impact on territory choice and 
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nest success warrants further investigation. The results of Chapter two highlight the 
need for further research on how the structure of specific AES habitats develop and 
change as they age which may limit their ability to provide useful resources. In terms 
of management this may mean that intervention by farmers will be necessary to open 
up AES habitat swards. This is already a requirement of some AES options, e.g. a 
summer cut of both pollen and nectar mixes and 6 m grass margins in ES. Cutting 
sections of margin strips helps to prolong flowering, this benefits nectar dependant 
invertebrates and could also facilitate foraging by birds.  For yellowhammer, field 
margins can be improved as a foraging habitat by cutting sections in late summer to 
improve food accessibility within taller margin swards (Douglas et al., 2009). This 
practice is also carried out by game farmers aiming to improve accessibility for foraging 
game bird chicks (Holland, pers comm). The likely benefits of this management 
practice should be investigated for a range of bird species in order to determine its 
value.  
 
7.2.3. Habitat distribution 
Future studies should consider how the placement of AES habitats relates to their use 
by declining farmland birds, this may be critical for territorial species who base their 
nest site choice on the suitability of the nesting habitat and not the foraging habitat 
(Chapter three). Henderson et al., 2012 found that bird abundance was related to the 
spatial arrangement of uncropped habitat. They suggest that either large neighbouring 
habitat patches or smaller habitat patches that are dispersed may support Eurasian 
skylark Alauda arvensis territories. By contrast, common linnets Linaria cannabina 
occurred more frequently where habitat patches were less spatially dispersed. To ensure 
habitats are used to their maximum potential additional studies on territory selection 
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and foraging of a wide range of farmland species will give a complete picture of how 
these habitats should be distributed across the countryside.  
 
Additionally adult birds that need to travel further in order to forage will have to leave 
their nests exposed for longer. To date evidence from Loddington estate shows the 
benefits of predator control for various species e.g. spotted flycatcher Muscicapa striata 
(Stoate & Sczcur, 2006) and common blackbird Turdus merula (White et al., 2008). 
The relative influence of habitat type and predator abundance on passerine nest success 
demands additional research at a larger geographic scale before management 
recommendations can be made. 
 
7.2.4.  Invertebrate abundance 
Invertebrate abundance is important in the selection of margin habitats by foraging 
birds (Chapter two) and the proportion of habitats that supported an abundance of tree 
sparrow chick food items enhanced fledging success (Chapter five). These findings are 
evidence of the value of developing invertebrate-rich communities through AES. 
Future research should focus on the impact of nestling diet on post-fledging survival, 
an area that is very difficult to study and has therefore received little attention (White 
et al, 2008). Additionally, Chapter six provided valuable information on changes in 
chick food abundance over time but a multi-farm study examining how AES habitat 
development relates to invertebrate communities would be worthwhile. This would 
allow practitioners to formulate more general conclusions on the importance of 
different AES habitats to farmland birds.  
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7.3. Concluding remarks 
This thesis has recorded positive effects of AES on farmland birds at both a site and 
plot scale, however this seldom translates into population increases at a national level 
(Stevens & Bradbury, 2006; Davey et al, 2010a, 2010b; Ewald et al., 2010; Baker, 
2012). The UK’s farmland bird populations continue to decline, a point that has been 
highlighted by the Farmland Bird Index (FaBI), which reached its lowest level in 2013 
and was less than half of it’s 1970 level  (DEFRA, 2014a). Despite the plot scale 
benefits of AES habitats (such as providing abundant chick food as confirmed by 
different sampling methods and for multiple species; Chapters two, three, four, six) 
attempts to create site scale reactions must consider the area and frequency of these 
habitats at a landscape-scale (Vickery et al., 2004) as examined by Henderson et al., 
(2012). 
 
In 2014 the Common Agricultural Policy (CAP) announced the third reform of AES. 
They aim to invest more money in Pillar 2 through the Rural Development Programme 
with an emphasis on land management, whilst decreasing farming subsidies and market 
support from Pillar 1. Different AES schemes will operate in Wales, Northern Ireland 
and Scotland but in England the new AES scheme, Countryside Stewardship, is focused 
on local environmental priorities. It is divided into a mid and higher tier, with both 
levels using the same ‘targeted’ approach as current Higher Level Stewardship 
agreements (DEFRA, 2014b).  The Mid Tier aims to address widespread environmental 
issues, such as improving farmland for birds and pollinators, but not all options will be 
available at this level (DEFRA, 2014b). Applicants will also be encouraged to choose 
options that help achieve landscape scale priorities. The higher tier is for the most 
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environmentally important areas and will be implemented where complex management 
is needed e.g. tailored measures for priority species (DEFRA, 2014b).  The needs of 
farmland birds are addressed through the wild pollinator and farm wildlife package, 
which can be deployed in mid and higher tier agreements. This package allows 
landowners to choose from specific groups of management options that should benefit 
wild pollinators, farmland birds and other farm wildlife (DEFRA, 2014b).  
 
In general, Countryside Stewardship seeks to put a greater emphasis on landscape scale 
outcomes, focusing on the quality of AES rather than quantity (Natural England, 2014). 
Across England, the coverage of AES will be reduced by 2020 through identifying 
priority sites and areas for habitat management (Natural England, 2014). The species 
that have shown the best responses to AES have well-defined needs; are often 
geographically restricted; and have benefited from targeted, intensively-monitored 
schemes allowing rapid population recoveries (e.g. corncrake Crex crex, stone curlew 
Burhinus oedicnemus, cirl bunting Emberiza cirlus, corn bunting Emberiza calandra 
and grey partridge; Brickle et al, 2000; Peach et al., 2001; Wilson et al., 2009; Ewald 
et al., 2012; Setchfield et al., 2012), these species are therefore likely to benefit from 
Countryside Stewardship.  Determining the causes of population change is considered 
to be more difficult for common farmland specialists (Ewald et al., 2010), but it is 
encouraging that that the new Wild Pollinator and Farm Wildlife Packages will be 
targeted towards these species, as we cannot afford for them to also become rare.  
 
This study has shown an important association with habitat quality for widespread but 
declining farmland birds, but the broad focus of ELS coupled with freedom in the 
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selection of habitats for agreements has meant that habitat quality was not necessarily 
addressed. Increased habitat quality through Countryside Stewardship may therefore 
improve things for widespread species, but reducing the coverage of AES may increase 
its patchiness at a national scale, limiting the distribution of widespread species and 
fragmenting their population. Ultimately, more research is needed to ensure we can 
provide interventions at a scale that will enhance productivity and encourage the 
population growth of widespread farmland birds. 
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Appendix 
Appendix 1: Bird survey locations. 
 
Figure 1. Survey locations on farm 1. Wildflower strips are denoted with W, 
whereas grass strips are denoted with C. Grid reference – 432757, 147207. 
                                                                                                                          Appendix 
188 
 
 
Figure 2. Survey locations on farm 2. Wildflower strips are denoted with W, 
whereas grass strips are denoted with C. Grid reference – 447568, 141189. 
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Figure 3. Survey locations on farm 3. Wildflower strips are denoted with W, 
whereas grass strips are denoted with C. Grid reference – 434379, 151096.
  
 
   
 
 
Appendix 2: Margin strip bird counts. 
Table 1. Total counts of species and species groups on margins across farms. Summer diet groupings were assigned according to 
Goodwin (2012: I=Insectivore; MD=Mixed Diet; H=Herbivore). * Species are grouped according to Goodwin (2012). N=100 point 
counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Species Visit 1 Visit 2 Total Summer diet 
Blackbird Turdus merula 29 27 56 MD 
Bullfinch Pyrrhula pyrrhula 0 0 0 MD 
Chaffinch Fringilla coelebs  1 10 11 MD 
Common linnet Carduelis cannabina 0 0 0 MD 
Dunnock Prunella modularis 15 10 25 I 
Goldfinch Carduelis  carduelis 2 0 2 H 
Greenfinch Carduelis chloris 2 0 2 H 
House sparrow Passer domesticus 1 1 2 MD 
Meadow Pipit Anthus sp. 1 2 3 I 
Robin Erithacus rubecula 4 0 4 I 
Skylark Alauda arvensis 1 0 1 MD 
Spotted flycatcher Muscicapa striata 0 0 0 I 
Swallow Hirundo ruatica 31 10 41 I 
Thrush* Turdus philomelos/Turdus viscivorus 3 1 4 MD 
Tit* Parus sp. 9 20 29 I 
Warbler* Sylia and Phylloscopus 13 9 22 MD 
Wren Troglodytes troglodytes 1 1 2 I 
Yellowhammer Emberiza citrinella 13 8 21 MD 
Unidentified 6 18 24  
TOTAL 132 117 249  
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Appendix 3: Crop bird counts. 
Table 2. Total counts of species and species groups on crops across farms. Summer diet groupings were assigned according to Goodwin 
(2012: I=Insectivore; MD=Mixed Diet; H=Herbivore). *Species are grouped according to Goodwin (2012). N=100 point counts. 
 
 
Species Visit 1 Visit 2 Total Summer diet 
Blackbird Turdus merula 31 25 56 MD 
Bullfinch Pyrrhula pyrrhula 0 0 0 MD 
Chaffinch Fringilla coelebs 4            6 10 MD 
Common linnet Carduelis cannabina 0 0 0 MD 
Dunnock Prunella modularis 10 1 11 I 
Goldfinch Carduelis carduelis 1 4 5 H 
Greenfinch Carduelis chloris 0              0 0 H 
House sparrow Passer domesticus 0 0 0 MD 
Meadow Pipit Anthus sp. 0 0 0 I 
Robin Erithacus rubecula 7 0 7 I 
Skylark Alauda arvensis 4 0 4 MD 
Spotted flycatcher Muscicapa striata 0 0 0 I 
Swallow Hirundo ruatica 45 16 61 I 
Thrush* Turdus philomelos/Turdus viscivorus 1              0 1 MD 
Tit* Parus sp. 0 2 2 I 
Warbler* Sylia and Phylloscopus 10 3 13 MD 
Wren Troglodytes troglodytes 4 0 4 I 
Yellowhammer Emberiza citrinella 15 16        31                           MD
Unidentified 3 5 8  
TOTAL 135 78 213  
191 
  
 
   
 
 
Appendix 4: Boundary bird counts.                  
 
Table 3. Total counts of species and species groups on boundaries across farms. Summer diet groupings were assigned according to 
Goodwin (2012: I=Insectivore; MD=Mixed Diet; H=Herbivore). *Species are grouped according to Goodwin (2012). N=100 point 
counts. 
Species Visit 1 Visit 2 Total Summer diet 
Blackbird Turdus merula 36 31 67 MD 
Bullfinch Pyrrhula pyrrhula 0 1 1 MD 
Chaffinch Fringilla coelebs 14  8 22 MD 
Common linnet Carduelis cannabina 0 5 5 MD 
Dunnock Prunella modularis 15 4 19 I 
Goldfinch Carduelis  carduelis 3 2 5 H 
Greenfinch Carduelis chloris 2            0 2 H 
House sparrow Passer domesticus 1 0 1 MD 
Meadow Pipit Anthus sp. 1 1 2 I 
Robin Erithacus rubecula 5 0 5 I 
Skylark Alauda arvensis 0 0 0 MD 
Spotted flycatcher Muscicapa striata 1 0 1 I 
Swallow Hirundo ruatica 2 0 2 I 
Thrush* Turdus philomelos/Turdus viscivorus 4 2 6 MD 
Tit* Parus sp. 28 24 52 I 
Warbler* Sylia and Phylloscopus 16 9 25 MD 
Wren Troglodytes troglodytes 3 2 5 I 
Yellowhammer Emberiza citrinella 34 34              68                                                  MD
Unidentified 9 8 17  
TOTAL 174 131 305  
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Appendix 5: Faecal sac collection 
 
Table 4. Details of faecal sacs collected.  
Colony ID Colony size Brood/Box ID (number of samples) 
1 6 23 (2), 25 (1) , 27 (3) 
2 6 35 (1) 
3 10 73 (1), 74 (2), 75 (3), 77(1), 79 (1), 80 (1), 83 (2), 
84 (2), 85 (1), 87 (2) 
4 2 94 (3) 
5 11 106 (1), 109 (3) 
6 7 140 (6) 
7 2 210 (1), 212 (3) 
8 1 275 (1) 
9 5 441 (1) 
10 3 510 (2) 
11 4 666 (3), 667 (1) 
12 3 845 (1) 
13 8 242 (5), 244 (1), 246 (3), 247 (3), 252 (4) 
14 3 447 (1) 
15 3 430 (2) 
16 7 89 (3) 
17 6 702 (3), 756 (1), 763 (4), 776 (2), 779 (2) 
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Appendix 6: Comparison of sampling techniques to chick diet. 
 
Figure 4. Proportion of Carabidae (mean ± SE) recorded per faecal, sweep and Vortis 
samples. The mean and standard errors model estimates were back transformed for 
graphical representation. Stars above bars indicate significant differences from faecal 
samples: * <0.05. n=318 
 
 
 
Figure 5. Proportion of Coleoptera (mean ± SE) recorded per faecal, sweep and Vortis 
samples. The mean and standard errors model estimates were back transformed for 
graphical representation. Stars above bars indicate significant differences from faecal 
samples: **<0.01. n=318 
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Figure 6. Proportion of Coleoptera larvae (mean ± SE) recorded per faecal, sweep and 
Vortis samples. The mean and standard errors model estimates were back transformed 
for graphical representation. Stars above bars indicate significant differences from 
faecal samples: * <0.05. n=318 
 
 
 
 
Figure 7. Proportion of other invertebrates (mean ± SE) recorded per faecal, sweep and 
Vortis samples. The mean and standard errors model estimates were back transformed 
for graphical representation. Stars above bars indicate significant differences from 
faecal samples: ***<0.001. n=318 
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Figure 8. Proportion of Tipulidae (mean ± SE) recorded per faecal, sweep and Vortis 
samples. The mean and standard errors model estimates were back transformed for 
graphical representation. Stars above bars indicate significant differences from faecal 
samples: * <0.05. n=318 
 
 
 
 
 
Figure 9. Proportion of Gastropoda (mean ± SE) recorded per faecal, sweep and Vortis 
samples. The mean and standard errors model estimates were back transformed for 
graphical representation. Stars above bars indicate significant differences from faecal 
samples: ***<0.001. n=318 
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Appendix 7: Tree sparrow colony summary statistics 
Table 5. Means ± 1SE are given for colony size, clutch size, number of hatchlings, 
number of fledglings and nine categories of habitat coverage (m2) from 23 colony sites 
under investigation.  
Colony Colony size1 Clutch size2  Hatchlings3 Fledglings4 Winter Cereal (m2) 
1 3.000±0.000 6.000±0.256 4.786±0.604 4.429±0.590   62694.168±723.258 
2 6.000±4.000 6.000±0.282 4.458±0.340 3.953±0.387   38356.524±5655.430 
3 6.000±1.000 5.960±0.170 5.231±0.279 4.615±0.389   79955.837±6977.746 
4 6.000±0.000 5.391±0.224 4.522±0.266 3.653±0.328   56309.150±11496.325 
5 4.000±1.000 5.625±0.239 5.000±0.329 4.75±0.348   33860.491±4508.345 
6 1.500±0.500 6.000±0.577 5.667±0.667 4.667±0.333           9.389±4508.345 
7 4.500±2.500 5.533±0.274 3.600±0.682 2.600±0.456   14988.963±2866.749 
8 5.000±3.000 5.842±0.158 4.474±0.428 4.00±0.439   46813.762±1887.734 
9 2.500±2.500 5.833±0.307 4.000±1.126 3.833±1.078   62176.479±507.957 
10 2.000±2.000 5.444±0.176 4.778±0.324 4.222±0.641   59586.601±2734.884 
11 0.500±0.500 4.500±0.500 3.500±0.500 3.500±0.500 118703.760±0.000 
12 1.000±1.000 4.667±0.333 2.333±1.453 1.333±0.882           0.000±0.000 
13 2.500±2.500 5.462±0.149 4.769±0.250 4.077±0.332 38650.853±5746.606 
14 2.500±1.500 4.286±0.565 3.286±0.680 2.000±0.690   2916.566±1064.996 
15 4.500±1.500 5.556±0.201 2.278±0.434 1.667±0.343         0.000±0.000 
16 6.500±1.500 5.160±0.149 3.400±0.412 3.240±0.417 27493.346±590.632 
17 11.500±0.500 5.804±0.239 4.274±0.261 3.725±0.272 38742.120±5170.789 
18 4.500±4.500 5.786±0.214 4.929±0.412 3.786±0.426 16227.323±5203.517 
19 26.500±5.500 5.265±0.078 4.429±0.131 3.500±0.167 57059.153±5609.792 
20 1.500±1.500 5.333±0.333 5.167±0.477 5.000±0.477 49160.962±9890.603 
21 3.000±3.000 4.875±0.398 3.250±0.921 3.625±0.680 99862.064±733.903 
22 3.500±0.500 6.000±0.275 5.500±0.379 4.750±0.479 58804.293±1972.785 
23 1.500±1.500 4.500±0.500 4.250±0.470 1.750±1.030         0.000±0.000 
1Colony size was calculated as the total number of breeding pairs present 
annually.2Clutch size mean ± 1SE were calculated based on individual breeding attempts. 
3Hatchlings are defined as the number of eggs produced that hatched. 4Fledglings are 
defined as the number of hatchlings that survived to the fledgling stage. 
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Table 5. Continued 
Colony OSR (m2) Spring Cereal (m2) Other Arable (m2) Built (m2) 
1   2436.617±955.771         0.000±0.000         0.000±0.000 6066.310845±1.781 
2 71537.571±5397.371         0.000±0.000         0.000±0.000 7926.977±116.552 
3 36265.782±6884.226         0.000±0.000         0.000±0.000 4384.941±135.405 
4 27620.262±6654.640 20606.016±5203.367         0.000±0.000 3748.842±201.187 
5 10313.154±3955.644         0.000±0.000         0.000±0.000 23901.614±842.206 
6 28872.217±14013.964 14718.700±14718.700         0.000±0.000 14648.719±15.026 
7 10071.691±6939.276 66401.188±6677.733         0.000±0.000 5916.428±311.179 
8 52962.272±1839.448         0.000±0.000         0.000±0.000 3243.044±60.458 
9 41638.478±0.307         0.000±0.000         0.000±0.000 2258.209±49.068 
10         0.000±0.000         0.000±0.000         0.000±0.000 7499.723±30.358 
11         0.000±0.000         0.000±0.000         0.000±0.000 2342.761±0.000 
12         0.000±0.000 50405.020±0.000         0.000±0.000 4627.148±0.000 
13         0.000±0.000         0.000±0.000 21761.454±5981.894 5926.034±31.289 
14 23934.322±11282.747 29200.845±10333.117         0.000±0.000 7255.7505±44.890 
15 36570.779±12543.810 72991.177±12518.099 1163.534±200.554 1470.4017±6.032 
16 5610.488±2297.388         0.000±0.000 19087.575±2063.120 23724.523±775.981 
17 81298.492±5644.096         0.000±0.000         0.000±0.000 1677.5733±3.937 
18 39347.233±5415.268         0.000±0.000     412.183±75.536 4207.875±9.416 
19 54191.981±5743.408       10.420±5.667 1400.935±690.370 6151.306±29.242 
20 18836.490±18836.490         0.000±0.000 50510.202±10159.50 3132.791±583.221 
21         0.000±0.000         0.000±0.000         0.000±0.000 6175.432±39.510 
22 62758.918±1972.759         0.000±0.000         0.000±0.000 3118.106±0.3183 
23         0.000±0.000         0.000±0.000         0.000±0.000 5055.570±64.940 
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Table 5. Continued. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Colony  Grass AES (m2) WBM (m2) Woodland (m2) Grassland (m2) 
1  2933.433±218.46 0.000±0.000 0.000±0.000 45538.407±129.839 
2  2049.458±192.126 176.387±176.387 3346.401±145.496 321.718±321.718 
3  1810.790±251.501 0.000±0.000 134.304±134.304 0.000±0.000 
4  5086.368±161.081 0.000±0.000 4831.855±224.126 0.000±0.000 
5  0.000±0.000 0.000±0.000 12403.595±86.599 37360.730±1297.618 
6  0.000±0.000 0.000±0.000 8287.497±28.311 50074.080±1297.619 
7  3319.675±24.024 0.000±0.000 9183.434±237.536 9729.800±1040.339 
8  2494.487±28.777 5216.881±102.915 751.34545±0.005 0.000±0.000 
9  2297.343±4.313 13.7601±8.702 2023.747±0 15165.526±273.854 
10  2868.044±35.524 0.000±0.000 0.000±0.000 50977.164±2681.569 
11  1017.522±0.000 0.000±0.000 0.000±0.000 3022.633±0.000 
12  2492.450±0.000 0.000±0.000 487.112±0.000 67268.092±0.000 
13  0.000±0.000 0.000±0.000 1285.475±92.973 
52917.730±1150.778 
14  0.000±0.000 0.000±0.000 13268.459±133.531 47118.107±103.626 
15  0.000±0.000 3265.768±201.407 0.000±0.000 4371.839±158.649 
16  6965.769±26.087 11103.977±39.440 1200.613±0.000 29773.441±152.654 
17  3344.777±11.668 2302.306±0.000 0.000±0.000 79.265±7.680 
18  2283.007±8.933 0.000±0.000 0.000±0.000 77291.013±482.053 
19  196.845±73.843 4876.670±119.988 0.000±0.000 185.126±110.445 
20  1.749±1.749 821.865±821.865 0.000±0.000 4.890.±4.89.000 
21  3524.856±6.041 0.000±0.000 0.000±0.000 9991.988±706.779 
22  0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 
23  0.000±0.000 0.000±0.000 22.881±14.854 120059.735±55.347 
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Appendix 8: Annual variation in nesting parameters 
 
Table 6. Binomial distributed GLM for annual variation in yellowhammer DSPn. The 
estimated slopes (± SE), t and p values are given.  
Coefficient Estimate ± SE Z value P df 
1995 -0.612 ± 0.132 -0.463 0.644 196 
1996 0.028 ± 0.153 0.186 0.853  
1997 0.196 ± 0.163 0.120 0.905  
1998 0.0132 ± 0.172 0.077 0.939  
2001 -0.088 ±0.225 -0.390 0.696  
2002 -0.033 ± 0.203 -1.163 0.871  
2003 -0.059 ± 0.228 -0.258 0.797  
2004 0.0612 ± 0.215 0.285 0.776  
2005 0.009 ± 0.175 0.053 0.958  
2006 -0.004 ±0.166 -0.022 0.982  
2007 0.008 ± 0.181 0.041 0.967  
 
 
 
 
 
 
 
Table 7. Binomial distributed GLM for annual variation in chaffinch DSPn. The 
estimated slopes (± SE), t and p values are given.  
Coefficient Estimate ± SE Z value P df 
1995 -0.034 ± 0.130 -0.260 -0.260 203 
1996 0.002 ± 0.158 -0.014 -0.014  
1997 -0.009 ± 0.166  -0.055 -0.055  
1998 0.099 ± 0.182  0.052 0.052  
2001 -0.023 ± 0.151 -0.155 -0.155  
2002 -0.035 ± 0.184  -0.190 -0.190  
2003 -0.033 ± 0.178 -0.185 -0.185  
2004 0.037 ± 0.186 -0.198 -0.198  
2005 -0.050 ± 0.189 -0.264 -0.264  
2006 -0.016 ± 0.192 -0.083 -0.083  
2007 -0.047 ± 0.178 -0.263 -0.263  
 
 
 
 
 
 
 
 
 
 
                                                                                                                          Appendix 
 
   
201 
 
 
 
Table 8. Binomial distributed GLM for annual variation in yellowhammer fledging 
success. The estimated slopes (± SE), t and p values are given.  
Coefficient Estimate ± SE Z value P df 
1995  1.981 ± 0.924  2.144 0.05 75 
1997 -0.731 ± 1.125 -0.649 0.516  
1998 -1.094 ± 1.121 -0.976 0.329  
2001  17.585 ±7604.236  0.002 0.998  
2002 -1.160 ± 1.557 -0.745 0.456  
2003 -0.882 ± 1.876 -0.470 0.638  
2004 -1.288 ± 1.324 -0.973 0.331  
2005 -21.547 ± 2874.131 -0.007 0.994  
2006 -0.504 ±1.167 -0.432 0.666  
2007  0.417 ± 1.519  0.247 0.784  
  
 
 
 
 
Table 9. Binomial distributed GLM for annual variation in chaffinch fledging success. 
The estimated slopes (± SE), t and p values are given.  
Coefficient Estimate ± SE Z value P df 
1995  3.555 ± 2.028 1.753 0.080 39 
1998 -1.157 ± 2.509 -0.461 0.645  
2001 -2.551 ± 2.140  -1.193 0.233  
2002 -1.157 ± 2.912 -0.398 0.691  
2003 -2.089 ±2.399 0.871 0.384  
2004  16.011 ± 5377.007 0.003 0.998  
2005  16.011 ± 6208.833 0.003 0.998  
2006  16.011 ± 5377.007 0.003 0.998  
2007 -2170 ± 2.364 0.960 0.337  
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